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PRE  F  A  C  E. 


TT  was  long  a  matter  of  furpiize  to 
me,  that  a  Work  fo  well  known, 
and  fo  juftly  efieemed*.  over  the  whole 
European  Continent,  as  £uL£a*s  Letters 
to  a  German  Princefsy  fhould  never  have 
made  it's  way  into  our  Ifland,  in  the 
language  of  the  Coun^.  While  Pc- 
terfburg,  Berlin,  Paris,  nay  the  capital 
bf  every  petty  German  principality,  was 
profiting  by  the  ingenious  labours  of  this 
amiable  man,  and  acute  philofopber,  the 
name  of  Euler  was  a  found  unknown 
to  the  ear  of  youth  in  the  Britifh  me- 
tropolis. 1  was  mortified  to  refleA  that 
the  fpecious  and  fedu<5tive  produ<Stions 
of  a  Rouffeau^  ^nd  the  poifonous  effu- 
fions  of  a  Foltaire,  fhould  be  in  the 
hands  of  fo:  many  young  meoylnpt  tp 
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xiv  PREFACE. 

fay  young  women,  to  the  perverfion  of 
the  underftawding,  ^d  tho-TCorruption 
of  the  moral  principle,  while  the  limple 
and  ufeful  infirut^ions  of  the  virtuous 
EuLER  were  hardly  mentioned. 


* .  I  •  \ 


I  frequently  fuggefted  the  idea  of  a 
trinflation  td'  more  th^i  one  literary 
friend,  in  whofe  ability  for  the  f afk  I 
could  place  greater  confidence  than  in 
my  own :  but  not  finding  it  undertaiken, 
I  determined,  at  length,  to  attempt  it 
myfelf,  with  the  ability  which  I  had; 
and,  jn  doing  this,  I  confidered  myfelf 
as  rendering  a  meritorious  fervice  to  my 
country. 

As  foon  as  Providence  had  beflowed 
on  me  the  blefling  of  children,  I  felt  it 
to  be  my  duty  to  charge  myfelf  with 
their  inftru6lion.  How  I  have  fucceed- 
ed  it  becomes  not  me  to  fay :  but  every 
day  I  live,  the  importance  of  early  and 

proper 
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proper  culture  is  more  deeply  impreffed 
on  my  mind.  There  feems  to  be  ftill  a 
dejideratum  towards  completing  the  plan 
of  an  ufeful  education — ^fomething  that 
ftiall  fuggeft  to  the  opening  mind,  fuit- 
able  fubjedts  of  thought,  and  aflift  it  in 
purfuing  a  fimple  train  of  reflecStion — 
fomethrng  that  fhall  convey  knowledge 
in  the  guife  of  araufement ;  that  ihall 
not  be  irapofed  as  a  tafk,  but  conferred 
as  a  favour. 

The  fubje6ls  of  thefe  Letters,  and  the 
Author's  method  of  treating  them,  feem 
to  me  much  adapted  to  this  purpofe. 
With  the  afliftance  of  a  very  moderate 
apparatus,  they  might  conduct  youth  of 
both  fexes,  with  equal  delight  and  emor 
lument,  to  a  very  competent  knowledge 
of  natural  philofophy :  very  little  pre- 
vious elementary  knowledge  is  necef-. 
fary  to  a  profitable  perufal  of  them,  and 
that  little  may  be  very  eafily  acquired. 

A  con- 
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A  confideralile  part  of  our  coajmon 
/chool  e4^cation,  it  is  well  known,  conr 

.J 

fifts  of  the  ftudy  of  the  elegant  and 
:»n5ufing  poetical  £Aions  of  Antiquityf 
Without  meaning  to  decry  this,  may  I 
Rot  hfe  permitted  to  bint,  that  it  might 
ie-  of  importance  frequently  to  recall 
young  mind^  from  ian  ideal  world,  .and 
it*s  ideal  inhabitants,  to  the  real  world, 
of  which  they  are  a  part^  and  of  whiph 
it  is  a  fhame  to  be  ignorant. .  Let  your 
pupil,  by  all  means,  read  the  poets ;  let 
hiiii  read  Ovid,  and,  after  he  has  amufed 
lumfelf  with  the  golden  age  of  old  Saturn, 
lead  him  out  into  the  open,  firmament 
of  heaven,  and  fhew  him  the  v^p^rable 
planet  of  that  name,  coeval  with  time, 
yet  ihinipg  with  unimpaired  luftre,  after 
fo  many  revolutions  of  ages.  Having 
adminiftered  the  antidote  that  may  repeJ 
the  poifpn,  which  a  difplay  of  the  lewd 
intrigues  of  a  fabulous  Jupiter  or  Venus 
naturally  inftill ;  let  him  view,  through 

the 
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the  feffefd6p6,  tiie  two  beautifol  flaw  fo 
calledv  etriitting  their  ehafte  tind  iiiode'ft 
light  ta  the  tmpollirted  eyb  of  fober^ 
i*eafon.  Whefi  he  has  diverted  himfelf 
with  the  transformation  of  a  lady  iiitd  a 
bear,  a^d  that  beat  iiito  a  tonftellatioii, 
|x>mt  edit  to  Mm  the  heavenly  northern 
}igbt,  Whieh  ncfvet  changes  it's  place, 
and,  with  undeviating  fidelityj  condu^ 
the  mariner  through  the  feas  of  a  he* 
mif^iere.  Let  him  accompany  Phaeton 
to  the  palace  of  the  fun,  and  fmile  at 
beholding  the  adventurous  boy  mount 
the  darning  chariot;  and  then  check 
Im  lAirth  by  pointing  to  the  glorious 
o#b  of  day,  travelling  in  the  greatnefs 
of^hi&^fti'ength ;  not  dr^ged  round  the 
tsttth!'^  by  fiery-footed  fteeds,  but  wheel- 
y^  woridis  on?  worlds,  each  in  his  feveral 
drbkv  aftSUnd  hifti,  with  irrefiftible  force. 

Why^jQiouid  not  the  boy  be  taught 

t^  {»diidpIe-on  which  his  kite  flies  ?^ 

j^Ybi^.  I.  Ir  What 
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^hat  xnoTp  pleafaat  amufement  can  he 
Ijave  than  to  communicate  to  the  needle 

J 

the  magnetic  virtue,  and  to  fleer  his 
courfe  through  the  hazel. grove,  by  a 
compafs  of  his  own  confltu(Sling  ?  Why 
not  teach'  him  to  elicit  the  elecSlric 
§)ark ;  and  to  aftonilh  and  delight  his 
Mers  with  the  wonder^  of  the  magic 
lantern?  . 

■  * 

i  ... 

,  EuLER  wrote  thefe  Letters  for  tliein- 
ftru6lion  of  a  young  and  fenfible  female, 
and  in  the  fame  view  that  they  were  • 
written,  they  are  tranflated,  namely,  the 
improvement  of  the  female  mind ;  an 
object:  of  what  importance  to  the  world  1. 
I  rejoice  to  think  I  have  lived  to  fee  fe- 
male education  conducted  on  a  more 
liberal  and  enlarged  plan.  I  am  old 
enough  to  remember  the  time  when 
well-born  young  women,  even  of  the 
north,  could  fpell  their  pwn  language 
but  very  indifferently,  andjfonjft.hardly 
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read  it  with  common  decjen6y';  when' 
the  youE^  lady V  hand-writing  prefented 
a  medley  of  otttlandifli  chara^ers ;  and 
when  a  column  of  pounds,  Mlings  and' 
pence  prefented'a  labyrinth  as  inextri*- 
cable  as  the  extracftibn  of  the  cnht  root. 
Whfle  the  boys  of  the  family  were  con- 
verfing  with  Virgil,  perhaps  with  old^ 
Homer  himielf,  the  poor  girls  were  con- 
demned to  crofs-flitch,  on  a  piece  of 
gauze-canvafs,  and  to  record  their  owa 
age  at  the  bottom^  of  a  {ampler. " 

They  are  now  treated  as  rational  be- 
ing&,  and  fociety  is  already  the  better 
for  it.  And  wherefore  fhould  the  terms 
female  and.  philofophy  feem^  a  ridicaloias 
combinat Jon  ?  Wherefore  preclude  to 
a  woman  any  fource  of  knowlec^e  to 
which  her  capacity,  and  condition  in. 

•  

life,  entitle  her  to^  apply  ?  It  is  cruel 
and  ungenerous  to  expofe  the  frivolity 
of  the  fex,  after  reducing  it  to  the  ne- 
o^ffity  of  being  filly  and  frivolous.  Culr- 
£.■■'■■"'■  b  a  tivate 


tivateayoung  VQm^n'iS.  under^anding, 

apd  her  perfon  wUl  ^«cpme,eve«  te  ha« 

felf^^  only  a  fecondairy;  j^iii|e|!j ;« iBt  her 

time  be  fi|i^?  u^  jrv^^Ji^  acquifitioo  of 

,^4^^aMaJ|^  atid  uiJ^l  knowledge,   and 

^t^ign  ^e  win  c^afe  to  be  aJt^Fden  to 

herfelf  and  to  evei|y  body  abosiit  beif; 

xnake  her  apquainted,  wi^  the,  world  of 

jaature,  and  Ijhe  w.q^14  of  Jlf  t  will  delude. 

er  no  linger. 

'    The  tiflie,  I  tFuft,  is  at  hapd;*  when 

;3ie  Letters,  of  l^trLEjR,  or  fome  fuch, 

ook,  yf)!^  b^  dally  on;  the  bi:eakfafting 

ble,  in  the  p^^lpuf  of  every  female 

^^  ^ademy  in  the  kingdom ;  and  whi^n;  a: 

oung  woman,  wl^ile  learning  the  meful 

1— sv^*s  of  paftry  and  plain- work,  may  like- 

wife  be.  acquainting  herfelf  with^the 

s  of  the  i}^<?Gn,  and  the  flux  and 

xreiiijx  pf  the  tides*    A|id J  4m.  perfuaded; 

^^^  tti0y.  thrum  on  the  guitar,  or  touch; 

^e<^'^  ^^  *^®  harpiichprdi  much  more; 

^^^^^^/[Xy  ^^^^^*  *^  feprfelf  ftQd.Qthei;s,.  bjc 

ftudying 


•ftud^ing  i  liltlfe  *€  fhe%^of-  foDnd.  I 
1iaV6  pat  the  iiifeains  of*  -  this  iii  her 
Tpdwfe^j  itJWiU'be  at  once  her  fetilt  and 
liep  folly  if  ihe  ii^^e^t  it.       ->  ?  ' 

r  r 

.  r  .■...-  '.  ■  ]      i     : 

fa 5 tfaiiflating . the  Wbrki  !  hdvfe^fbl- 
ipwed  the  kft  Fans  Editioh,  given  by 
MeflrS/flfe  Gbfiddreei  ^  de  Id  Croix,  ih 
I  ^8y,  foi*  the  pHTftofe  of  irith)dHcihg  the 
•trfeftil  ftotes  of  thefe  gentlemen ;  but  I 
have  takeii  the  libertj  to  reftore,  froJth 
the  original  edition,  that  of  Mietan  and 
Leipfic,  in  1770,  feveral  paflages  which 
■th'fe  Fwhch^  Editor  had  thoBght  proper 
to  fu^rfefs.  To  ibme  notes  of  my  owti 
I  hate  added  feveral  others,  furiiiftied  by 
t<v&' '  ingenious  Inends,  whofe  names  I 
am  iidC  at  liberty  to  publiih.-  The  courife 
of  thkty-four  years  of  a  fcientiiic  age, 
mufi  have  ftipplied  abundance  of  new 

►  .  *  " 

fa^  and  experiments,  by  which  the 
•philoibphy  of  even  a  I^ler  may  be  cor- 
•re^e^  and  imirfoved.     The  franftated 

,  b  3  note* 
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notes  of  the  Paris  Edition,  I  have,  for 
the  fake  of  d^ndtion,  marked  with  the 
.chara<S):^rs  F.  E,  and  the  original  notes 
of  this  Edition,  with  the  initials  E.  E. 

m 

And  I  think  it  my  duty,  in  this  place, 
to  vindicate  to  our  ingenious  country- 
man, Mr.  JDollondi  the  optician,  the  dif- 
covery  of  achromatic  glafles  for  tele- 
fcopes,  mentioned  in  the  letters  on  di- 
©ptrics ;  for  that  gentleman  is,  in  truth, 
the  Author  of  this  valuable  improve- 
ment. 

■ 

4 

I  have  had  the  illuftratiiVe  plates  en- 
graved in  a  better  ftyle  aild  ma^nner  than 
French  artifts  generally,  employ  on  ma- 
thematical figvires :  and  to  do  credit  ,to 
myfelf,  not  to  fay  Euler,  he  appears  in 
his  Englifti  drefs  with  every  advantage 
which  the.  ftationer  and  printer  could 
beftow.  At  the  fame  time,  in  order  to 
keep  down  the  price  as  much  as  pof- 
fible,  inftead  of  dividing  tlie  Work  into 

Three 
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Wif^  Vdlumes,  ^  in  alF  ttie  foreign- 
edition V  'I  have '  reduced  mine  ta  T^iyo ;' 
a^'tlte  diviiion  i^*  dtogetber  indifferent' 
ix)  the  Iubje6fc5i 


'  1  j>" 


.T 


It  being  generally  acceptable  to  the 
Reader'  to  .fcnotr' fortieth ing  about  the 
Tfww^ with' whom  he  is  •  ebnverling  as  ah' 
eaitkcyfi  ±6  gratify  thiis  -oiiriolity',  I  have 
likevpiife  given  a  ti»anflation  of  the  Eh- 
gium  q/'^EuLE»,  read  before  the  Aca- 
demy of  Sciences,  and  prefixed  to  M.  dc 
Condor cet^s  edition,  becaufe  it  coriteinsf 
fonte  ititereftin^  traits  of  the  charafter 
and  events  of  the  life  of  this  diflinguifh- 
ed  perfonage.  But  what  is  the  liffe  of 
a  literary  or  fciehtifie  man,  and  Whrte' 
are  we  to  find  the  hiftory  of  it  ?  In  his 
woifai;  Newton  and  EuLER  are  their 
own  tjeft  biographers ;  and  the  library 
<A  every  fcholar  in  Europe  exhibits  a 
never-dying  reprefentation  of  what  they 
were,  and  what  they  atchieved.     We 

b  4  have 
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jbave  hardly  a  trace  of  Wr^s  perfpoal 
and  domefiio  hajbitsf  but  eirery  j^n^, 
of  St.  Stephen's  WiMbropk,  9Xi^  of  S^,. 
Paul's,  is  infcribed  with  his  name,  and 
Itranfmits  a  memoir  of  the  ArchitejSl, 


\ .-  f  ■ 


The  frequent,  tii:efo;ne,  courtly  ad- 
dreis  of  YouRHiaHNEss,  except  at  th^ 
firft  fetting  out,  J  have  entirely  omittedi 
put  of  no  difrefpe^  to  Princes*  but  ben 
caufe  it  feemed  to  lue  a  mere  uupecef:^ 
iary  waJfte  of  wordp,  which  Qply  ^UQun^^ 
UDer  aud  disfigure  a  work  of  fci^nc^.  Thei 
Princeis  and  her  inflru6tQr  slx^  bpfh  gPQO 

to  that  awful  world,  in  wh jch.  thjs  di^nc* 

tions  of  the  prefei^t,  thofe  of  v4ft^^  e^-^ 
pepted,  aye  fpf  eyer  obliterated,, . 


1 

« 


As  every  book  ihould  be  ai^'CoippletQ 
ki  itfelf  as  poifible,  a,iid  this  beixig  de^^^ 
tin(^d  to  thje  vSq  of  the  unlearned*  \  have 
fubjpined  a  glpilary  c^  the  foreign  and 
feiciitific.  wyd§  which  pcgur  ip  thf^  cpwrA^ 

of 
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of  thefe  Letters.  Some  will*  perhaps, 
think  I  may  have  fwelled  this  beyond 
the  neceflary  fize,  and  given  an  expla- 
nation .oi  many  terms  already  fufficient- 
ly  undeiiSlood.  If  this  be  an  error,  it  is 
on  the  fafe  iide.  I  would  rather  infert 
twenty  words  of  this  defcription,  than 
omit  one  with  which  an  ordinary  reader 
Hiight  be  unacquainted,  and  his  progrefs 
thereby  retarded.  And  I  well  know, 
that  there  is  often  a  vague  and  obfcure 
idea  of  words  floating  in  the  brain, 
which  a  fhort  defcription  or  an  example 
would  inftantly  render  precife  and  dif- 
jtincSt  i  and  many  young  perfons  would, 
without  hefitation,  confult  a  gloflary, 
who  might  be  afraid,  or  aihamed,  or, 
perhaps,  too  proud,  to  ask  a  queflion. 
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ADVERTISEMENT. 


BY  THE  FRENCH  EDITOR. 


THE  Letters  of  Euler  to  a  German  Princcfi 
have  acquired^  over  all  Europe,  a  celebrity, 
.to  which  the  reputation  of  the  Author,  the  choice 
cand  importance  of  the  feveral  fubjefts,.and  the 
clearnefsof  elucidation,  juftly  entitle  them.  They 
have  defervedly  been  confidered  as  a  treafury  of 
fcience,  adapted  to  the  purpofes  of  every  com- 
mon feminary  of  learning.  They  may  be  fliidicd  y 
to  advantage  without  much  previous  elementary 
knowledge ;  they  convey  accurate  ideas  relped:- 
ing  a  variety  of  objefts,  highly  interefling  in 
themfeives,  or  calculated  to  excite  a  laudable 
curiofity ;  they  infpire  a  proper  taftc  for  the 
fcicnces,  and  for  that  found  philofophy  which, 
llipported  by  fcience,  and  never  lofing  fight  of 
her  cautious, '  Heady,  methodical  advances,  runs 
no  rifk  of  perplexing,  or  mifleading  the  attentive 
ftudent. 

The  only  cenfure  that  can  be  paiTed  on  thefe 
Letters  is,   now  and  then,  a  digreffive  detail, 

fomewhat 
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.Ibmewhat  too  tedious,  on  qudtlons  rather  foreign 
to  the  fciences,  and  confiderable  inaccuracy  in 
point  of  ftylc.  Without  failing  in  the  refpcft 
due  to  EuLER,  I  thought  myfelf  at  liberty  to 
omit  fome  paflages  altogether,  apd  to  correft  the 
ftyle  of  others.  Few  Readers,  furely,  will  be  {o 
faflidious  as  to  refuie  the  admiration  attached  to 
the  name  of  this  illuftrious  man,  for  the  fake  of 

■ 

ibme .  flight  blemifhes,  in  a  work  of  fucfa  con- 
fiderable lengih.  .A  genius,  like  his,  which  has 
iignalized  itfcif  by  £6  many  important  difcoveries, 
can  fuffer  no  diminution  of  greatnefs,  from  his 
not  hailing  written  a  foreign  language  with  cla^ 
ileal  purity.  A  man  whofc  tranfccndant  powcifs 
have  aftoniihed  and  confounded  ^ven  thofe  whoilft 
Ny  habits  of  profound  reflexion  riiuft  have  rendered 
hard  to  pleaib,  rcfpedling  prodigies  of  .this  fort, 
is  not  lefs  worthy  of  veneration,  that  he  did  not 
apply  the  whole  force  of  his  mind  to  every  objccSl 
which  prcfcnted  itfelf.  It  is  of  the  laft  indi£- 
ierencc  to  his  glory,  whether  tbcfe  fmall  fpecks 
are  effaced,  or  fuffeircd.  U>  remain- 
But  the  cafe  is  widely  diifertnt  as  to  the  pcf- 
fons  for  whofe  ufe  the  'pcrufal  of  this  work  is 
pafticularly  dcfigncd.  It  b  of  importance  for 
young  people,  whether  of  France,  or  of  any  other 
country,  to  defer  reading  till  they  thoroughly 
vmderftand  the  language  ol'  books,  in  which  the 

rules 


rules  of  that  langimge  may:  fee  frequently  vio- 
lated. .A^  the  youth  of  the  Fcench  nation 
muil  t>e  cautioned  again^  turning  into  ridicula 
a  few  uncouth  exprf^ilions  wh^i.  in  the  hurry- 
of  compoiition^  may  have  dropped  from  the  pea 
of  a,  man  of  genius.  Ilcfpe<^  CmT'  every!  thing 
whiqh  merits  this,  appellation  is  one  of  the  fenti*^ 
rnent^  v^hich  education  ought  mod  powerfullyi 
to  inculcate^  as  it  is  one  of  the  moil  infallible 
preiervajtiyes  agaii:i;ft  prejudice  of  every  kindt 
^gainft  the  illufions  of  vftnity  and  felf-love,  .nay, 
againil  the  paifions  which  deprive  us  of  the  force. 
nece0ary  to  our  approximation  toward  thefe  ob* 
jcds  of  ux^iyerfal  adnjiratioij. 

As  to  other  ret?cnchmqnts,  they  afFeft,  almoil 
all  of  them^  refl^dioQ^  which  relate  lefs  to  the 
fciences  and  philofbphy,  than  to  theology,  and 
frequently  even  to  the  peculiar  dcx^iqes  of  that 
eccleiiaftical  communion  in  which  Euler  lived. 
It  ifl  tihnficcifery  to  affign  a  reafoa  for  omifSons 
qf  t;his  dtfqription. 

l>  have  prefixed  to  this  edition  the  Elogium  of 
.^Uf-ER,^  read,  before;  the  Academy  of  Stiences, 
qmittiiligqnly  fpmi^.fcientific  details,  which  might, 
have  apf^fi^d  tedious  to  pertain  Headers. 

A3  the  lM?|t|sr$  oi  EujlE;^  contaiii  n<»thi](ig,  qur 
ijcveral:qi4ej(UQP^^.  capablcj  of  intarefting-tiie  ge-*. 

but 
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ELOGIUM  OF  EULER; 


>®*Jv*®^ 


LEONARD  EULER,  Prefident  of  the  Mathema^ 
'  tical  School,  in  the  Academy  of  Peterfburg,  and 
previoufly  in  that  of  Berlin ;  Fellow  bf  the  Royal 
Society  in  London ;  and  of  the  Academies  of  Turin , 
Lifbon  and  Bale ;  Foreign  Affociate  of  that  of  the 
Scieinces,  was  born  at  Bale,  April  the  15th,  1707, 
t)eing  the  fon  of  Paul  Euler  and  Margaret  Brucker. 

His  father  who,  in  1708,  undertook  the  paftoral 
charge  of  the  village  of  Riechen,  in  the  vicinity  of 
vBale,  was  his  firft  inftruiior ;  and  he  enjoyed  be- 
times the  pleafure  6f  contemplating  the  progrefs  of 
his  fon's  expanding  faculties,  and  dawning  glory,  a 
cordial  fo  reviving  to  the  heart  of  a  parent,  advance 
under  his  own  eye,  and  gather  ftrength  from  his  own 
alEduities. 

He  had  ftudied  mathematics  under  James  Ber^ 
nouillL  It  is  well  known,  that  this  celebrated  fcholar 
united  to  a  ^eat  g^enius  for  the  fciences,  a  profound 
J)hilofophy,  which  is  not  always  the  companion  of 
this  genius,  but  which  ferves  to  give  it  a  wider  range, 
and  to  render  it^s  exertions  more  ufefiiL  In  teach- 
ing,  he  endeavoured  to  imprefs  on  his  pupils,  that 
geometry  is  not  a  detached  fcience,  but  exhibited  it 
to  them  as,  at  once,  the  bafis  and  the  key-ftone  of 
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all  human  knowledge ;  as  the  fcience  in  which  the 
progrefs  of  the  mind  may  be  the  moft  diftinftly  ob-* 
ferved ;  the  fcience,  the  cultivation  of  which  exer- 
cifes  our  faculties  to  the  greateft  advantage,  as  giving 
to  the  underftanding,  at  one  and  the  fame  time, 
ftrength  and  accuracy ;  finally,  as  a  ftudy  equally  va- 
luable, from  the  number  and  the  variety  of  it's  ap- 
plications, and  from  it's  tendency  to  inure  the  fhi- 
dent  to  a  method  of  reafoning,  which  may,  after- 
wards, be  fuccefsfuUy  employed,  in  the  inveftigation 
of  every  fpecics  of  truth,  and  as  a  guide  in  the  con- 
duft  of  life. 

Paul  Eufer,  who  had  fully  imbibed  the  principles 
of  his  mafter,  inftrufted  his  fon  in  the  elements  of 
mathematics,  though  he  had  deftined  him,  ultimately, 
to  the  ftudy  of  theology  ;  and  fufch  was  young  Eu- 
ler's  early  proficiency,  that  on  being  fent  to  the 
univerfity  of  Bale,  he  was  deemed  not  unworthy  of 
the  attention  and  particular  inftruftions  of  yohn  Ber* 
noiiiUi.  Such  was  his  application,  and  fuch  his  happy 
difpofitions,  as  quickly  to  fecure  to  him  the  friend- 
£hip  of  Daniel  and  Nicolas  Bernoiiilli^  the  pupils^  and, 
by  this  time,  the  rivals  of  their  father.  Nay,  he  had 
the  felicity  of  getting  into  the  good  graces  of  the  fe- 
vere  John  BernouilH  himfdf,  who  carried  his  conde- 
fcenfion  fo  far  as  to  give  him  a  private  leffon,  once 
a  week,  in  the  view  of  removing  any  difficulties  which 
might  occur  in  the  courfe  of  reading  and  ftudy* 
EuLEK  employed  the  other  days  of  the  week  in  fuch 
a  manner  as  would  enable  him  to  make  the  moft  of 
this  diftingaiftied  mark  of  favour* 

This 
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This  excelieht  method  of  ptofecutihg  his  ftu- 
dies,  prefeived  opening  genius  from  exhaufting  it'^ 
ftrength,  in  combating  infupeirable  diiEctilties,  andi 
from  wandering  in  unknown  mazes,  whicii  it  might 
Jittempt  to  unravel :  it  dir^fted  and  feconded  his  own 
exertions ;  but,  at  the  fame  time,  laid  him  under  the 
heceffity  of  calling  forth  all  his  powers,  which,  ac- 
cordingly, received  toilftant  increafe  from  an  exer- 
fcife  proportioned  to  his  age,  and  to  the  progrefs  ill 
idiowledge  which  he  had  already  made. 

But  of  this  Angular  advantage  he  \(ras  foon  de- 
prived ;  for  fcarcely  had  ht  attaihed  the  degree  of 
Mailer  of  Arts^  when  his  father,  who  intended  hitri 
for  his  own  fucceffot,  enjoined  him  to  exchange  the 
ftudy  of  mathematics  for  that  of  theology.  Happily; 
the  eflFeft  of  this  act  of  authority  was  of  fhoft  dura- 
tion, it  proved  no  difficult  matter  to  perfuade  the 
fether,  that  his  fon  was  deftined  to  fupply,  to  the 
learned  world,  the  place  of  John  Bernouilli^  and  not 
to  fink  into  the  obfcute  parfon  of  Riecheh, 

An  eflky,  compofed  by  EuLer  in  his  nineteenth 
year,  on  the  mailing  of  fliips,  a  fubjeft  propofcd  by 
the  Academy  of  Sciences,  procured  him,  in  1727,  an 
addition  to  his  academical  honours,  fo  much  the 
hiore  rcfpeftable^  that  the  youthful  native  of  the 
Alps  could  have  derived  no  affiftance  from  praftical 
knowledge^  and  that  he  yielded  the  palm  to  IVIr.  Bon- 
guer  alone,  an  able  geometrician,  then  at  the  zenith  of 
his  reputation^  ahd,  for  ten  years  before,  profeffor  of 
hydtdgraphy  in  a  maritime  city. 

Abiyit  the  fame  period,  Euler  flood  candidate 
i.  c  2  for 
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for  a  vacant  chair  in  the  tiniverfity  of  Bale :  but  it 
is  fate,  or  chance,  that  fettles  the  difpute  between, 
competitors  for  offices  of  this  fort,  and,  on  this  oc- 
cafion,  it  was  unfavourable,  I  do  not  {ay  to  Euler, 
b:ut  to  his  country,  which,  a  few  days  afterward, 
loft  him  for  ever. 

Two  years  before  this,  Daniel  and  Nicolas  Bern$mlU 
had  been  invited  to  Ruffia.  Euler  felt  the  (incereft 
regret  at  parting  with  the  friend3  of  his  youth,  and 
engaged  them  to  promife  their  utmoft  exertions  to 
procure  him  a  fimilar  invitation,  which  he  was  eager 
to  participate.  This  needs  to  excite  no  furprize* 
The  fplendor  of  the  capital  of  a  vaft  empire,  the  glare 
difiufing  itfelf  over  the  purfuits  of  which  it  is  the 
theatre,  and  over  the  very  perfons  of  it*s  inhabitants^ 
feems  to  confer  a  glory  on  them,  capable  of  eafily  fe- 
ducing  a  youthful  imaginatioa,  and  of  dazzling  the 
free,  but  poor  and  obfcure,  citizen  of  a  petty  re- 
public. 

The  brothers,  BernouiUi^  were  confclentioufly  faith- 
ful to  their  promife,  and  exerted  themfelves  as  ftre- 
nuoufly,  to  bring  forward  a  competitor  fo  formi- 
dable, as  ordinary  men  would  have  done  to  keep  a 
rival  out  of  fight. 

EuLER*s  journey  to  Ruffi^t:  commenced  under 
aufpices  the  moft  melancholy  and  difcouraging.  It 
was  not  long  before  he  received  intelligence,  that 
Nicolas  Beniouilli  had  fallen  a  viftim  to  the  feverity 
of  the  climate  ;  and  the  very  day  he  fet  foot  on  Ruf- 
fian ground,  Catharine  I.  paid  the  debt  of  nature- 
^etit,  at  firft,  feemed  to  threaten  the  approach- 
ing 
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ing  diffdution  of  the  Academy^  whofe  eftaUifliment 
that  Princefs  had  juft  completed,  in  compliance  with 
the  will  of  the  deceafed  Czar,  her  huiband. 

EuLER,  at  a  prodigious  diftancc  from  his  native 
country,  deftitute  of  the  advantage  which  Daniel 
BernouiUi  poffeffed,  that  of  an  iDuftrious  and  refpecled 
name,  to  prepare  his  way,  formed  the  refolution  of 
entering  into  the  Ruffian  marine  fervice.  One  of  the 
admirals  of  Peter  I.  had  already  promifed  to  procure 
him  a  fituation;  when,  happily  for  geometry,  the 
ftorm,  which  lowered  over  the  fciences,  fpent  itfelf, 
Daniel  BernouiUi  retired  to  his  own  country :  Euler 
was  declared  Profeffor  of  Geometry,  and  fucceffor 
to  his  illuftrious  friend,  in  1733.  '^^^  fame  year  he 
married  a  young  lady  of  the  name  of  Gfell^  a  conipa- 
triot  of  his  own,  the  daughter  of  a  painter,  whom, 
Peter  I.  had  brought  with  him  to  Ruffia,  on  return- 
ing from  his  €rft  voyage. 

From  this  time  forward,  to  ufe  Bacon^s  expreffion, 
Euler  felt  that  he  had  given  hoftages  to  fortune : 
and  that  the  country,  in  which  he  could  hope-to  form^ 
an  eftabliftiment  for  his  family,  was  neceflarily  tranf- 
formed  into  his  native  country.  Born  and  educated 
in  the  bofom  of  a  nation,  all  whofe  governments 
preferye,  at  leaft,  the  appearance  and  the  language  of 
a  republican  conftitution ;  in  which,  notwithftand- 
ing  diftincliQns  more  real,  than  thofe  which  feparatc 
between  the  higheft  flave  of  a  defpot  and  the  loweft 
of  his  fubjefts,  the  forms  of  equality  have  always  been 
fcrupuloufly  obferved ;  in  which  the  refpecl  due  to 
the  laws  extends  to  ufages  the  moft  indifferent,  pro- 
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and  humane*  At  that  period  he  went  from  Petert 
burg  to  Berlin,  on  the  earneft  folicitation  pf  the 
King  of  Pruffia.  He  was  prefented  to  the  Queen- 
mother.  This  Princefs  took  great  pleafure  in  the 
converfation  of  enlightened  men  :  flie  received  them 
with  that  noble  familiarity  which  announces,  in 
Princes,  the  fentiment  of  a  perfonal  grcatnefs,  inde- 
pendent of  rank  and  title,  and  which  has,  become  one 
of  the  charafteriftic  marks  of  that  auguft  f^mily> 
The  Queen  of  Pruffia,  however,  could  extraft  from 
Eui,ER  monofyllables  only  :  flie  taxed  him  with  a  ti- 
midity and  referve,  which  the  cordiality  of  his  re- 
ception could  not  poffibly  have  infpired :  Why^  then^ 
will  you  not  talk  to  me^  faid  the  Queen  ?  Becaufe  Ma- 
dam^ replied  he,  I  hav^  juji  come  from  a  country^  where 
-people  are  hangedy  if  they  talk. 

Feeling  myfelf  now  called  upon  to  give  fome  ac- 
count of  EuLER^s  immenfe  fcientilic  labours,  I  flirink 
from  the  impoffibility  of  following  him  in  detail,  of 
conveying  any  thing  like  an  accurate  idea  of  that 
multiplicity  of  difcoveries,  of  new  methods  of  invef- 
tigation,  of  ingenious  views,  difFufed  over  more  than 
thirty  feparate  publications,  and  over  near  fcven  hun- 
dred memoirs,  of  which  about  two  hundred,  depo.- 
fited  in  the  Academy  of  Peterfburg  previous  to  his 
death,  are  deftined  to  enrich,  in  their  order,  the  fu- 
ture colle^ipns^publiflied  by  that  learned  body. 

But  a  particular  charafter  feems,  to  me,  to  diftin- 

guifh  EuJhER  frpm  the  othqi:  illuftrious  men  who,  in 

purfuing  the  fame  career,  have  attained  a  glory  which 

,1es.  has  not  eclipfedj  that  charafter  is,  his  having 
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embraced  the  mathematical  fciences  in  their  univer- 
fality ;  his  having  brought  to  perfection,  one  after 
another,  the  different  parts ;  and,  enriching  the 
whole  by  important  difcoveries,  his  having  produced 
a  very  beneficial  revolution  in  the  manner  of  treat- 
ing them.  I  imagined,  therefore,  that  in  Iketching 
a  methodical  reprefentation  of  the  different  branches 
of  thefe  fciences,  in  pointing  out  the  progrefe  of  each, 
and  the  happy  improvements  to  be  afcribed  to  the 
genius  of  Euler,  I  fhould  give,  at  leaft  as  far  as  my 
ability  permits,  a  jufler  idea  of  this  wonderful  man, 
who,  by  uniting  fo  many  extraordinary  talents,  has 
prefented  a  phenomenon,  if  the  expreflion  may  be 
allowed,  of  which  the  hiflory  of  fcience  has  hitherto 
fiirnifhed  no  example. 

Algebra  had  long  been  a  fcience  of  very  limited 
life  and  application.  The  mode  of  confidering  the 
idea  of  magnitude,  only  in  the  higheft  degree  of  ab- 
ftraftion  of  which  the  human  mind  is  fufceptible ; 
it's  rigoroufly  feparating  from  that  idea  every  thing 
which,  by  employing  imagination,  might  give  fup- 
port,  or  rcpofe,  to  the  underftanding  ^  finally,  the 
extreme  generality  of  the  figns  which  this  fcience 
makes  ufe  of,  render  it  in  fome  meafure  too  foreign 
to  our  nature,  too  remote  from  ordinary  conception, 
*  to  admit  of  the  mind*s  taking  extraordinary  pfeafure 
in  it,  and  of  cafily  acquiring  a  habit  of  tracing  it's 
operations.  The  algebraic  method  is  apt  to  difcou- 
rage  even  perfons  the  mofl  difpofed  to  abftraft  fpe- 
culation.  If  the  objed  of  purfuit  be  ever  fo  little 
"^-^Dlicatcd,  we  are  forced  to  lofc  fight  of  it  entirely, 

and 
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and  to  confine  our  whole  attention  to  dry  algebraic 
characters ;  the  road  is  fafe  and  fnre,  but  the  point 
ivhich  is  aimed  at,  and  that  from  whence  we  took 
pur  departure,  equally  vanifh  from  the  eye  of  the 
geometrician  j  and  it  required  no  flight  degree  of 
courage^  to  venture  out  of  fight  of  land,  without 
any  other  pilot  than  a  recently  difcovered  fi:iencc. 
Accordingly,  on  examining  the  works  of  the  great 
geometricians  of  the  laft  age,  even  of  thofe  to  whom 
algebra  i$  indebted  for  the  moft  important  difco- 
yeries,  we  fliall  fee  how  little  they  were  accuftomed 
to  handle  this  very  weapon,  which  has  been  brought 
to  fuch  a  ftate  of  perfedion ;  and  it  is  impofiible  to 
refufe  to  Eui^er  the  prai&  of  having  effefted  a  re- 
volution, which  renders  algebraic  analyfis  a  mode  of 
calculation  luminous,  univerfel,  of  jgeneral  applica- 
tion and  of  eafy  acquifition. 

Thus,  at  certain  epochs,  when  after  ftrenuous  ex- 
jcrtions  the  mathematical  fciences  feemed  to  have 
exhaufted  all  the  refources  of  genius^  and  to  have 
reached  the  ne  plus  ultra  of  their  career  ;  all  at  once 
a  new  method  of  calculation  is  introduced,  and  the 
face  of  the  fcience  is  totally  changed.  We  find  \% 
immediately,  and  with  inconceivable  rapidity,  en- 
riching the  fphere  of  knowledge,  by  a  folutiori  of  an 
incredible  number  of  important  problems,  which 
geometricians  had  not  dared  to  attempt,  intimidated 
by  the  difficulty,  not  to  fay  the  phyfical  impoflibility^ 
of  purfuing  calculation  to  a  real  ifiue.  Jufl:ice  would, 
perhaps,  demand,  in  favour  of  the  man  who  invented 

and 
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ourfyves  to  fome  detached  parts,  in  preference ;  in 
proportion  as  fucceffive  difcoveries  multiply,  the  rcr 
lations  which  unite  the  parts  gradually  appear ;  and 
to  the  illumination  refulting  from  this  union,  we  are 
Hioft  frequently  indebted  for  the  great  difcoveries, 
which  form  an  era  in  the  hiftory  of  the  human  nund. 

I  fhall  conclude  this  brief  Teprefentation  of  Euler's 
labours,  on  pure  analyfis,  with  obferving,  that  it 
would  be  injuft  to  limit  it^s  influence  on  the  progreft 
of  mathematics,  to  the  innumerable  difcoveries  witl^ 
which  his  works  abound.  The  communications 
which  he  has  opened  between  all  the  parts  of  a  fdencc 
fo  extenfive  ;  thofe  general  views  which  fometimes 
he  does  not '  fo  much  as  indicate,  bijt  which  cannot 
efcape  an  attentive  obferver ;  the  paths,  whofe  en- 
trance he  has  fatisfied  himfelf  with  clearing  by  re- 
moving the  firft  obftacles  which  oppofed  ;  thefe  are 
fo  many  more  benefits  conferred  on  the  fphere  of 
fcience,  and  of  which  pofterity  will  undoubtedly 
avail  itfelf,  while  perhaps  the  hand  which  beftowed 
them  may  be  forgotten/ 

The  tifeatife  on  mechanics,  w^iich  Euj.er  gave  to 
the  world  in  1736,  is  the  firft  great  work  in  which 
analyfis  has  been  applied  to  the  fcience  of  motion. 
The  number  of  things,  entirely  new,  or  exhibited  in 
a  new  light,  which  this  book  contains,  would  have 
afionifhed  geometricians,  had  not  Euler  already 
publifhed,  feparately,  the  greateft  part  of  it. 

In  his  endlefs  labours  on  the  fame  fcience,  he  was 
ever  faithful  to  analyfis,  and  the  happy  ufe  he  made 
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He  treated,  in  all  it's  extent,  the  naval  fcience  ;  in 
an  elaborate  work,  to  which  an  intelligent  analyfis 
ferves  as  balls,  and  in  which  queftions  of  the  greateft 
difficulty  are  fubje<aed  to  this  general  and  fertile 
method,  which  he  underftood  fo  well  to  create  and 
to  employ.    He  publiflied,  many  years  afterward,  on 
the  fame  fiibjeft,  an  elementary  abridgment  of  this 
treatife,  containing,  under  the  fimpfcfl:  form,  every 
thing  ufeftil  in  praiSice,  and  neceffary  to  be  known 
by  perfons  who  devote  themfelves  to  the  marine  fer- 
vice.     This  work,  though  defigned  by  the  Author 
merely  for  tlie  fchools  of  the  Ruffian  empire,  pro- 
cured for  him  a  liberal  gratification  from  the  King 
of  France,  who  judged,^  that  labours  beneficial  to 
mankind  demanded  the  grateful  acknowledgments 
of  all  Sovereigns,  and  who  wifhed  to  demonftrate  to 
Europe,  from  one  extremity  to  another,  that  talents 
fo  rare  could  neither  be  overlooked,  nor  remain  un- 
rewarded.    Euler  was  abundantly  fenfible  of  the 
value  of  this  mark  of  refpecl  from  a  great  Prince  i 
and  it  derived  an  additional  charm,  in  his  eyes,  from 
the  hand  through  which  it  was  tranfmitted,  that  of 
Mr.  Turgot,  a  minifter  univerfally  refpecled  for  his 
talents  and  for  his  virtues  ;  a  man  formed  for  com^ 
manding  opinion,   rather   than   following  it,   and 
whofe  fuffrage,  ever  diftated  by  truth,  and  never  by 
the  defire  of  attracting  to  himfelf  the  applaufe  of  the 
public,  might  be  an  acceptable  piece  of  flattery,  even 
to  a  wife  man,  too  much  accuftomed  to  glory  to  be 
ftiil  awake  to  the  voice  of  famc^ 

In 
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In  men  of  a  fuperior  genius,  extreme  limplicity  of 
character  may  ealily  confift  with  thofe  qualities  of 
mind,  which  moft  forcibly  announce  ability  and  de- 
licacy of  feeling.  Euler,  accordingly,  notwithftand- 
ing  that  fimplicity  which  never  forfook  him,  knew,* 
however,  to  diftinguifli  with  a  fagacity,  always  in- 
dulgent it  is  true,  the  homage  of  enlightened  admi- 
ration from  that  which  vanity  lavilhes  on  great  men,* 
to  fecure  to  itfelf  at  leaft  the  merit  of  enthufiafm. 

His  dioptrical  refearches  are  founded  on  an  ana-" 
lyfis  lefs  profound,  and  we  are  tempted  to  give  him 
credit  for  it,  as  being  a  kind  of  facrifice.  The  dif- 
ferent rays  of  which  a  folar  ray  is  formed,  fubfift  in 
the  fame  medium  of  diflferent  refractions ;  feparated 
thus  from  adjacent  rays,  they  appear  fingle,  or  Ids 
blended,  and  give  the  fenlation  of  the  colour  proper 
to  them.  This  refrangibility  varies  in  different  me- 
diums for  every  ray,  and  in  conformity  to  a  law 
which  is  not  the  fame  with  that  of  the  mean  refrac- 
tion in  thefe  mediums.  This  obfervation  fuggeflcd 
a  belief,  that  two  unequal  prifms,  and  of  diiferent 
^fiibfiances,  combined,  might  divert  a  ray  from  it's 
dire£tion,  without  decompounding  it,  or  rather  by 
re^dacing  the  elementary  rays,  by  refraftion,  in  a  pa- 
rallel direction.  On  the  truth  of  this  conjefturfe 
might  depend,  in  telefcopes,  the  deftruftion  of  the* 
iris,  which  colours  objefts  viewed  through  Icnticulaf 
gaffes.  EuLER  was  convinced  of  the  poffibility  of 
fuccefs,  conformably  (o  this  m^taphyfical  ideaj  that^ 
7^  eye  is  compofed  of  different  humours^  it  is  only  in 

the 
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the  view  of  dejiroying  the  effed:  of  the  aberration  of  re- 
frangibility.  The  only  thing  requifite,  therefore,  was 
an  attempt  to  imitate  the  operation  of  nature,  and 
he  propofed  the  means  of  execution  according  to  a 
theory  which  he  had  formed.  His  firft  eflays  in- 
duced naturalifts  to  attend  to  an  objeft  which  they 
feemed  to  have  neglefted.  Their  experiments  did 
not  correfpond  to  Euler's  theory,  but  they  con- 
firmed  the  views  he  entertained  refpefting  the  per* 
fe6Hon  of  telefcopes.  And,  inftru<aed  by  thefe,  in 
the  laws  of  difperfion,  in  different  mediums,  he 
abandoned  his  firft  ideas,  fubjefted  to  calculation  the 
refult  of  their  experiments,  and  enriched  dioptrics 
with  analytical  formules,  funple,  commodious,  ge- 
neral,  and  applicable  to  inftruments  of  every  poffible 
conftruftion. 

We  have,  befides,  fome  effays  of  Euler,  on  the 
general  theory  of  light,  the  phenomena  of  which  he 
endeavoured  to  reconcile  with  the  laws  of  the  ofcil- 
lations  of  a  fluid ;  becaufe  the  hypothefis  of  the 
emiflion  of  rays  in  a  ftraight  line,  appeared  to  him 
to  prefent  infurmountable  difEculties.  The  theory 
of  the  loadftone,  that  of  the  propagation  of  fire, 
the  laws  of  the  cohefion  of  bodies,  and  thofe  of 
fridion,  furnifhed  him,  likewife,  with  fubjefts  of 
ingenious  calculations,  but,  unfortunately,  fupported 
by  hypothefis,  rather  than  by  experiment. 

The  calculation  of  probabilities  and  political  arith- 
imetic  were  farther  .objefts  of  his  indefatigable  ap- 
plication.    I  fliall  here  only  mention  his  refcarches 
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on  bills  of  mortality,  and  the  means  of  deducing 
them  from  phenomena  with  greater  exadnefs ;  his 
method  of  ftriking  a  medium  from  the  obfervations 
made ;  his  calculations  refpeding  the  eftablifliment 
of  a  reverfionary  fund,  in  the  view  of  fecuring  to 
widows,  or  orphans,  either  a  fixed  fum,  or  an  annual 
revenue,  payable  after  the  death  of  a  hufband  or 
father ;  an  ingenious  and  humane  method,  devifed 
by  philofophic  geometricians  to  counterbalance  the 
moral  evil  refulting  from  the  fcttlement  of  lifc-an* 
nuities,  and  to  convert,  to  the  relief  of  families,  the 
fmalleft  favings  from  the  principal's  daily  earnings^ 
or  from  the  revenue  of  a  coitimiflion,  a  place  or  a 
penfion. 

We  have  feen  in  the  elogium  of  Darnel  Bem9uilli^ 
that  he  had  divided  wath  Euler  alone  the  glory  of 
ha^g  carried  off  thirteen  prizes,  propofed  by  the 
Academy  of  Sciences :  They  often  contended  for  the 
fiune  obje&y  and  occupied  the  fame  ground :  and  the 
honour  of  triumph  over  a  competitor  was  likewife 
divided  between  them ;  but  this  rivalihip  never  en- 
croached on  the  exprefiions  of  reciprocal  efteem^ 
t  cooled  the  ardor  of  mutual  friendihip.     On  ex* 
iinilig  the  fubje^Els  for  which  the  one  or  the  other 
tsdhed  the  Vidoiy,  we  find  that  fuccels  depended 
iadpally  on  the  charadler  of  talent  peculiar  to 
each;    When  the  queftion  required  addrefs  in  the 
JHEUumer  of  taking  it  up,  a  dexterous  application  of 
iespc^ritnent,  or  new  and  ingenious  phyfical  views, 
'rmmili  had  the  advantage :  but  did  it  pre-* 
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ient  difficulties,  which  profound  and  accurate  calcu- 
lation could  refolve ;  was  it  neceffary  to  create  a 
new  method  of  analyiis,  vidlory  declared  for  Euler. 
Were  any  one  fo  prefumptuous  as  pretend  to  judge 
between  them,  he  would  find  that  he  had  to  pro* 
nounce,  not  between  two  men,  but  between  minds 
of  a  different  genius,  between  two  methods  of  em- 
ploying genius. 

I  fliould  have  conveyed  but  a  very  imperfect  idea 
of  Euler's  fertility  of  invention,  unleis  I  added  to 
this  faint  Iketch  of  his  labours,  that  there  are  very 
few  fiibjecb  of  importance,  once  treated  by  him, 
that  he  did  not  retrace ;  nay,  fo  far  as  to  recompofc 
his  firft  work  feveral  times  over.  Sometimes  he 
fubfiituted  a  direct  and  analytical  method,  in  place 
of  one  more  indired:  fometimes  he  extended  his 
firft  folution  to  cafes  which  had  at  firft  efcaped  him  ; 
adding  almofi  always  new  examples,  which  he  knew 
how  to  feledt  with  Angular  fkill  among  thofe  which 
prefented,  or  fome  ufefiil  obfervation,  or  curious  re* 
mark. 

The  intention  merely  of  giving  to  one  of  his  pro* 
ductions  a  form  more  methodical,  of  rendering  it 
fomewhat  more  luminous,  of  beftowing  on  it  a  highei^ 
degree  of  fimplicity  was  to  him  n:iotive  fuflicient 
for  engaging  in  labours  incredible.  Nev'^er  did  geo- 
metrician write  fo  much,  and  no  one  ever  carried 
his  works  to  fuch  a  height  of  perfection.  When  he 
publifhed  a  memoir  on  a  new  fubject,  he  fimply  ex- 
dained  the  track  which  he  purfued  j  he  pointed  out 
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to  his  pupils  it's  intricacies  and  aberrations,  and  ha^ 
ing,  with  fcrupulous  exaftnefs,  made  them  accom* 
pany  the  progrels  of  his  own  mind,  in  his  firft  eflays, 
he  fhewed  them  afterwards  how  he  had  been  en- 
abled to  trace  a  Ampler  path.  It  is  evident,  that  he 
preferred  the  inftruclion  of  his  difciples  to  the  filly 
fatisfaction  of  dazzling  them  by  his  own  fuperiority ; 
and  that  he  did  not  believe  he  had  done  epough  for 
fcience,  unlefe  he  added,  to  the  new  truths  with 
which  he  was  enriching  it,  a  candid  expofition  of  the 
ideas  which  led  to  difcovery. 

On  reading  the  life  of  a  great  man,  whether  it  be 
a  convi6tion  of  the  imperfeftion  attached  to  frail  hu- 
manity ;  whether  it  be,  that  the  juftice  of  which  we 
are  capable,  does  not  rife  fo  high  as  to  induce  us  to 
acknowledge  a  fuperiority  for  which  nothing  can  be 
an  adequate  compenfation ;  or,  finally,  whether  it 
be,  that  the  idea  of  perfection  in  another  mortifies 
pr  humbles  us  fliU  more  than  that  of  his  greatjiefs, 
>but  fome  how  or  another  it  feems  neceflary  for  us 
to  find  out  fome  weak  part ;  we  hunt  after  the  dif- 
covery of  a  defed  in  him,  which  may  reconcile  us  to 
purfelves ;  and  we  are  involuntarily  difpofed  to  call 
in  quellion  the  impartiality  of  the  Biographer,  unlefs 
he  points  out  the  weak  part,  unlefs  he  withdraws  the 
impertinent  veil  which  conceals  the  defect, 

EuLER  fometimes  appeared  to  be  taken  up  with 
the  mere  pleafure  of  calculation,  and  to  confider  the 
poiht  of  mechanics,  or  phyfics,  which  he  was  examin- 
ing, only  as  an  pccafion  of  exercifing  his  genius,  and 
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of  following  the  bent  of  his  reigning  paffion.  Some 
of  the  learned  have  accordingly  accufed  him  of  la^ 
vifhing  his  talent  for  calculation  on  phyfical  hypo- 
thefes,  or  even  on  metaphyfical  principles,  of  which 
he  had  not  fuificiently  examined  eitlier  the  probabi-i 
lity  or  the  fojidity.  He  has  likewife  been  accufed 
of  depending  too  much  on  the  refources  of  calcula-. 
tion,  and  of  having  neglcfted  thofe  with  which  he 
might  have  been  fupplied,  by  the  examination  of  the 
very  quefUons  which  he  propofed  to  refolve. 

We  liiuft  admit,  that  the  firft  of  thefe  charges  ia 
not  altogether  deftitute  of  foundation.  In  Euler, 
Undoubtedly,  the  metaphyfician,  or  even  the  natun 
ralift  was  not  fo  great  as  the  geometrician  ;  and  we 
are  conftrained  to  regret,  that  in  many  parts  of  his 
works,  thofe,  for  inftance,  which  he  compofed  on 
the  naval  fcience,  on  artillery,  have  been  of  little 
ufe,  except  to  the  progrefs  of  the  fcience  of  calcula^  • 
tion.    , 

.  But  the  fecond  charge  appears  by  no  means  fo 
well  founded.  We  obferve  uniformly,  through  all 
the  works  of  Euler,  an  unremitting  effort  to  add 
to  the  riches  of  analyfis,  to  extend,  and  to  multiply 
the  applications  of  it :  at  the  fame  time  that  it  appears 
to  be  his  only  inftrument,  we  fee  clearly  that  it  is 
his  wifh  to  make  it  univerfally  fo.  The  natural  pro- 
grefs of  the  mathematical  fciences  muft  have,  in  time, 
brought  about  this  revolution ;  but  he  faw  it,  if  I 
may  fay  fo,  completed  under  his  own  eye  :  to  his 
genius  we  arc  indebted  for  it ;  and  it  has  been  the 
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tcv/znl  ^f  rill  his  exertions  and  dilcovcrics,  Acoordr 
ii.yjyy  <^  vcn  v/hcn  he  appears  to  be  mifapplying  ana^ 
Jyfl',,  liiid  cxhauftirig  ii!l  it's  fecret  ftores  in  refolving 
a  'juf-fiion,  of  ^vhich  a  few  reflections,  foreign  local- 
cubtion,  would  have  given  him  an  eafy  and  fimple 
folutirjn,  he  was  frequently  only  aiming  at  a  demon- 
flration  of  the  power  and  refources  of  his  art ;  and 
he  ixitiniH  forgivencfs  at  lead,  if  fometimes,  while  he 
iitcuitd  taken  up  with  another  (cience,  it  was  ftill  to 
the  pro^^rcTs  and  propagation  of  analyiis  that  his 
attention  was  devoted  j  and  the  revolution  which 
tfuN  h:is  cflcAcd  in  the  world  of  fdence,  is  one  of  his 
firil  claims  on  the  gratitude  of  mankind,  and  the 
fairelt  title  to  glory. 

I  thought  myfelf  obliged  not  to  interrupt  the  de^ 
tail  of  ]iuUr*H  fcientific  purfuits,  by  a  recital  of  the 
few  and  fnnple  events  of  his  life. 

He  fettled  at  Berlin  in  17419  and  remained  there 
tiU  1766. 

The  Princcfs  d*Jnbalt  Deffauy  niece  to  Frederick  11. 

King  of  Pruflia,  was  deHrous  of  receiving  from  him 

fome  leflbns  in  natural  philolbphy.    Thefe  Icflbns 

have  •been  publilhed,  under  the  title  of  letters  to 

QXRMAN  ?RiNC^:ss,  a  work  inefcimable  for  the 

pdarly  clear  light  in  which  he  has  difplayed  the 

R  important  truths  of  mechanics,  of  phyfical-ailro- 

nay,  of  optics,  and  of  the  theory  of  found ;  and 

'  the  ingenious  vic^^,  lefs  philolbphical  but  more 

5^»  than  thofe  which  have  made  FonUnelU's  Plu- 

Jty  ot  Worlds  outlive  the  Sj-ftcm  of  Vortices. 
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The  name  of  Euler,  fo  great  ia  the  fphere  of 
Icience ;  the  refpe^ul  idea  attached  to  his  works, 
iempldyed  in  unfolding  all  that  is  intricate  and  ab» 
ftracl  in  analyfis,  diflSife  a  lingular  charm  over  thefe 
letters,  fo  iimple^  and  fo  eafy*  Thofe  who  have  not 
fbudied  inathematics,  aftohifhed,  perhaps  flattered,  at 
being  able  to  underftand  ^  Work  of  Euler,  will  feel 
grateful  to  him  for  having  defcehded  to  their  level ; 
and  thefe  elementary  details  of  the  fciences  acquire 
a  ipecieA  of  gt-eatndfs^  from  their  approximation  to 
the  g^ory,  and  the  genius,  of  the  illuftri'ous  man  who 
traced  them. 

The  King  of  Pniffia  etnployed  Euler  in  ^calcula- 
tions refpefting  the  coinage ;  on  conftruftihg  the 
^quedud:  of  Sans-Soucis ;  on  the  formation  of  feveral 
navigable  canak.  That  great  Prince  had  a  mind  too 
enlarged  to  believe  that  extraordinary  talents,  and 
profound  knowledge,  ever  could  be  ufelefs  or  dan- 
gerous Ijualities  ;  and  the  felicity  of  being  able  to  do 
good^  an  advantage  referved  by  nature  for  igno- 
rance and  tnediocrityi 

In  1750,  EutER  made  a  journey  to  Frankfort,  to 
receive  his  mother,  then  a  widow,  and  to  conduft 
her  to  Berlin.  He  had  the  happinefs  to  preferve  her 
tiB  1 761.  For  eleven  years,  then,  fhe  enjpyed  the 
glory  of  her  highly  diftinguilhed  fon,  in  the  way 
that  the  maternal  heart  knows  how  to  enjoy,  and 
Was  ftill  liiore  happy,  perhaps,  in  the  tender  and  af- 
fidiaous  expreflions  of  filial  ajflfeftion,  the  value  of 
which  that  glory  greatly  enhanced. 
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During  his  refidence  at  Berlin,  Euler,  united  to 
Mr.  de  Maupertuis  by  the  ties  of  gratitude,  thought 
himfelf  obliged  to  defend  the  principle  of  the  leaji  ac* 
tion,  on  which  the  Prefident  of  the  academy  of  Pruifia 
had  founded  the  hope  of  a  reputation  fo  exalted. 
The  means  which  Euler  thought  proper  to  ufe 
could  hardly  have  been  employed  by  any  other  per- 
fon  but  himfelf ;  it  was  to  refolve,  on  this  principle, 
feveral  of  the  principal  and  moft  difficult  problems 
of  mechanics.  Thus,  in  the  age  of  fable,  the  Gods 
vouchfafed  to  forge,  for  their  favourite  warriors,  ar- 
mour impenetrable  by  all  the  blows  of  their  enemies. 
It  were  to  have  been  wifhed,  that  Euler's  gratitude 
had  confined  itfelf  to  a  proteftion  fo  noble,  and  fo 
worthy  of  himfelf;  but  it  cannot  be  denied,  that 
there  is  an  infufion  of  afperity,  rather  too  ftrong,  in 
his  replies  to  Kcsnig  ;  and  with  forrow  we  are  con- 
.ftrained  to  recognize  a  great  man,  among  the  enemies 
of  an  unfortunate  and  perfecuted  fcholar.  Happily 
for  Euler,  the  whole  tenor  of  his  life  flielters  him 
from  a  more  ferious  fufpicion.  But  for  that  fim- 
plicity,  that  indifference  to  the  voice  of  fame,  which 
he  uniformly  manifefted,  it  might  have  been  fuf- 
pccled,  that  the  pleafantries  of  an  illuftrious  partifan 
of  Kosjiig  (pleafantries  which  Voltaire  himfelf  has 
jxiffly  configned  to  oblivion)  had  fomewhat  foured 
the  temper  of  the  gentle  and  fage  geometrician  ;  but 
if  on  this  occafion  he  is  chargeable  with  a  fault,  it 
muft  be  imputed  folely  to  an  excefs  of  gratitude ; 
nd  if  once  in  his  life  he  afted  wrong,  the  motiv« 

leaft  is  refpeftable. 
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The  Ruffian  forces  having,  in  1760,  penetrated 
into  the  marches  of  Brandeburg^  plundered  a  farm 
of  Euler's,  near  Charlottenburg :  but  General  Tot^ 
tleben  had  not  come  to  make  watr  on  the  fciences^ 
••Being  informed  of  the  lofs  which  Euler  had  fuf* 
tained^  he  h^ened  to  repair  iq  by  ordering  payment 
far  beyond  the  real  value  of  the  property,  and  hav^ 
ing  communicated  to  the  Emprefs  Elizabeth^  an  ac- 
count of  this  involuntary  difrefpeft,  flie  Was  pleafed 
to  add  a  gratuity  of  four  thoufand  florins  to  an  ini 
demnification  already  more  than  fufficient.  This 
anecdote  is  not  fo  generally  known  as  it  deferves  to 
be^  while  we  quote,  with  enthufiaftic  admiration^ 
flmilar  aftions  traufinitted  to  us  from  antiquity.  Is 
not  this  difierence  in  the  judgments  we  form,  a  proof 
of  the  happy  progrefs  of  the  human  i^^ecies,  which 
certain  authors  flill  obfti^ately  perfevere  in  denying, 
apparently  to  fliun  the  imputation  of  having  contri- 
buted to  it  ? 

The  government  of  Rulfia  had  never  treated  Eu- 
ler as  a  ftr anger.  Notwithftanding  his  abfence,  part 
of  his  falary  was  always  regularly  paid ;  and  in  1766^ 
the  Eniprefe  having  given  him  an  invitation  to  re- 
turn  to  Peterfburg,  he  complied. 

In  1735,  the  exertion  occafioned  by  an  aftrono- 
mical  calculation,  for  which  other  academicians  de- 
manded feveral  months,  but  completed  by  him  in  a 
few  days,  brought  on  an  indifpofition,  which  iffued 
in  the  lofs  of  one  of  his  eyes.  He  had  reafon  to  ap- 
prehend a  total  lofs  of  fight,  if  he  continued  to  ex- 
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\}ijic  hiiiifclf  in  a  climate,  the  influence  of  which 
wa'i  unfavourable  to  his  conftitution.  The  intereft 
of  ]ii:>  family  got  the  better  of  this  apprchenfion ; 
and  if  wc  reflect  that,  to  IIuler,  ftudy  was  an  ex- 
duiive  paliion,  we  fhall  readily  conclude,  that  few  ' 
examples  of  paternaT  tcndernefs  have  more  com- 
pletely demonltratcd,  that  it  is  the  moft  powerful, 
and  tlic  fweetcft  of  all  our  affections, 

A  few  yciirs  after,  he  was  overtaken  by  the  cala^ 
mity  wliich  he  forcfaw  and  dreaded:  but  happily  for 
Jiiinft  If,  iiiul  for  the  fcicnccs,  he  preferved  ftill  the 
ficiulty  of  iliiiin^ifhing  large  characters  traced  on  a 
ilatc  with  c  jialk.  His  fons,  his  pupils,  copied  his  cal- 
culations ;  w  rote,  as  he  didated,  the  reft  of  his  me- 
moirs ;  and  i(  we  may  form  a  judgment  of  thefe 
from  their  number,  and  frequently  from  the  genius 
transl'ulcd  through  them,  it  wiU  appear  abundantly 
credil)lc,  that  from  the  abfencc  ftill  more  abfolute  of 
all  dillraftion,  and  from  the  new  energy  which  this 
couftraincd  recoUe<flion  gave  to  aU  his  faculties,  he 
gained  more,  both  as  to  facility  and  means  of  labour, 
than  ho  loft  by  a  diminution  of  fight. 

Befidcs,  KiiLER,  by  the  nature  of  his  genius  and 
\m  habits  of  life,  had  even  involuntarily  laid  up  for 
himfelf  extraordinary  fupplies.  On  examining  thofe 
great  analytical  for  mules,  fo  rare  before  his  time> 
but  fo  frciiuent  in  his  works,  the  combination  and 
dfiQplay  of  whidi  unite  fo  much  llmplicity  and  ele- 
gsaKe»  whofc  very  form  plcales  the  c\'e  as  well  as  the 

'  id,  it  will  be  evident,  tliat  they  are  not  the  re* 
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Cult  of  a  calcalation  traced-  on  psq)er,  but  that,  pra» 
duced  entirely  in  the  head,  they  are  the  creation  o£ 
an  imagination  equaHy  vigorous  and  aclive. 

There  exift  in  analyfis,  and  Euler  greatly  mul- 
tiplied their  number,  formuks  of  a  common  and 
almoft  daily  application  \  he  had  tjbem  always  prefenC 
to  his  mind,  knew  them  by  heart,  repeated  them  in 
converfation ;  and  Mr.  cPAlembert^  when  he  faw  him 
at  Berlin,  was  aftonilhed  at  an  effort  of  memory, 
which  demonftrated,  that  Euler.  pofieffed  at  once 
a  ftrength  and  a  clearn^  of  recoUeftion  almoft  in* 
credible.   At  length  his  facility  of  calculation  by  the 
head  was  carried  to  fuch  a  degree  as  would  exceed 
all  belief,  had  not  the  htfiory  of  his  labours  accus- 
tomed us  to  prodigies.     He  has  been  known,  in  the 
view  of  exercifing  his  little  grandfon  in  the  extrac- 
tion of  the  fqBare  and  cube  roots,  to  have  formed 
to  himfelf  the  table  of  the  fix  firft  powers  of  all 
numbers  from  i  to  i  oo,  and  to  have  preferved  it 
exa<My  in  his  memory.     Two  of  his  pupils  had  cal- 
culated as  far  as  to  the  feventeenth  term  of  a  conver- 
gent feries,  abundantly  complicated ;  their  refults, 
though  formed  after  a  written  calculation,  differed 
one  unit  at  the  fiftieth  figure :  they  communicated 
this  difference  to  their  matter  :  Euler  went  over  thq 
whole  calculation  in  his  head,  and  Ids  decifion  was 
found  to  be  the  true  one. 

From  the  time  he  loft  his  fight,  his  chief  amufe- 
ment  was  to  make  artificial  magnets,  and  to  give 
leffons  in  the  mathematics  to  one  of  his  grand-chil- 
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dren^  wKo  feemed  to  have  a  promiiing  difpofitioil  id 
that  fcience. 

He  made  a  point  of  ftill  going  ocotfionally  to  th« 
Academy,  efpecially  if  delicate  circumftances  de- 
manded his  attendance,  or  when  he  deemed  his  pre-^ 
fence  neceflary  to  the  maintenance  of  liberty.  It  is 
cafy  to  conceive  ho^  much  it  is  in  the  power  off  al 
perpetual  prefident,  appointed  by  the  court,  to  difj 
turb  the  peace  of  an  Academy,  and  how  much  fuch 
a  feminary  has  to  apprehend  from  one  who,  not  being 
defted  from  their  own  number,  does  not  feel  him* 
felf  reftrained  even  by  a  fenfe  of  that  fupport  which 
his  reputation  needs  from  the  fuffrages  of  his  coU 
leagues.  How  is  it  poffible  for  men,  employed  foldy 
in  calm  literary  purfuits,  and  underftanding  no  lati-f 
guage  but  that  of  the  fciences,  to  defend  themfelves 
in  fuch  a  cafe ;  efpecially  if  ftrangers,  unconnefted, 
far  from  their  country,  they  derive  their  whole  fup- 
port from  that  government,  to  which  they  would  ap* 
peal  for  juftice  againft  an  imperious  prefident,  whom 
that  very  government  had  placed  over  them. 

But  there  is  a  degree  of  glory,  which  places  a  man 
beyond  the  reach  of  fear :  it  is,  when  all  Europe 
would  roufe  itfelf  to  refent  a  perfonal  injury  offered 
to  a  great  man,  that  he  can  without  rilk  oppofe  to 
injuftice  the  authority  of  his  reputation,  and  elevate, 
in  fupport  of  the  fciences,  a  voice  which  will  make 
Jtfelf  heard.  Euler,  gentle,  modeft  as  he  was,  was 
fenfible  of  his  power,  and  oftener  than  once  made  a 
very  happy  ufe  of  it. 

3  In 
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In  177 1,  the  city  of  Peterfburg  fuffered  fcverely 
from  a  terrible  conflagration :  the  flames  had  caught 
the  houfe  of  Euler.  One  Peter  Grimm^  a  native  of 
Bale,  whofe  name  well  deferves  to  be  tranfmitted  to 
pofterity,  apprized  of  the  danger  of  his  illuftriotts 
compatriot,  now  blind  and  enfeebled,  burft  through 
the  midft  of  the  fire,  reaches  his  apartment,  places: 
him  on  his  flioulders,  and  faves  Euler^s  life,  at  the 
hazard  of  his  own.  His  library,  his  furniture  waS 
deflroyed,  but  the  zeal  and  exertions  of  Count  Orloff 
preferred  his  manufcripts.  The  attention  paid  to 
this,  at  the  height  of  a  calamity  fo  dreadful,  is  the 
moft  honourable  and  flattering  homage,  which  pub* 
lie  authority  could  have  offered  to  fcience.  The 
houfe  of  Euler  was  one  of  the  EmpJrefs's  gifts  to 
him ;  a  fimilar  act  of  munificence  fpeedily  repaired 
the  lofs. 

He  had  by  his  firft  wife  thirteen  children,  eight 
of  whom  died  young.  His  three  fons  furvived  him, 
but  he  had  the  misfortune  tolofe  both  his  daughters, 
the  laft  year  of  his  own  life.  Of  thirty-eight  grand- 
children, twenty-fix  were  living  at  the  time  of  his 
death.  In  1776  he  entered  a  fecond  time  into  the 
married  ftate,  by  efpoufing  a  Mifs  Gfell^  filler  to  his 
firft  wife's  father.  He  had  always  retained  all  that 
fimplicity  of  manners,  of  which  his  father's  houfe 
had  fet  the  example.  As  long  as  his  fight  remained, 
he  every  evening  coUetSed,  to  domeftic  devotion,  his 
grand-children,  his  domeftics,  and  fuch  of  his  pupils 
as  lodged  in  the  houfe ;  he  read  to  them  a  portioii 
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of  Soipture,  and  fiimetnnes  acoHnpamed  it  with  axi 


/•^* 


He  was  erf  a  very  rdigious  turn  of  mind.  He 
tmUiflied  a  new  deinonfiTatidn  of  the  extftence  of 
God^  and  of  the  fpirituality  of  the  foul :  this  laft 
treatife  has  been  admitted  as  a  ftandard  book  into 
fevcral  colleges  of  divinity.  With  fcrupulous  exa&* 
nefc  he  adhered  to  the  rel^on  of  his  countr\%  which 
b  rigid  Calvinifm :  and  it  does  not  appear  that,  after 
the  example  of  moft  fcholars  of  the  proteftant  per- 
luafion,  he  ever  took  the  liberty  of  adopting  pecu- 
Ibr  ideas,  or  of  forming  a  fyftem  of  religion  fat 
himfelf. 

His  erudition  was  very  extenfive,  efpecially  in  thd 
hiftory  of  mathematics.  It  is  alleged .  that  he  had 
carried  his  curiofity  fo  far  as  to  acquire  the  know* 
ledge  of  the  proceffes  and  rules  of  aftrology ;  and 
that  he  had  even  made  fome  applications  of  them. 
However,  when  in  1 740  he  was  commanded  to 
calculate  the  nativity  of  Prince  Ivan,  he  excufed 
himfelf,  by  reprefenting  that  this  was  the  proper 
bufinefs  of  Mr.  Kraaf]  in  nuality  of  royal  aftrono-» 
mer.  Credulity  of  this  fort,  which  we  are  afto^ 
niflied  to  find  at  fo  recent  a  period  in  the  Court  of 
Ruilia,  prevailed,  the  age  before,  in  all  the  Courts 
of  Europe :  thofe  of  Afia  have  not  yet  fhakcn  oflF 
this  abfurd  yoke,  and  it  muft  be  acknowledged^ 
that  if  we  except  the  common  maxims  of  mora* 
lity,  there  is  no  one  truth  which  can  boaft  of  hav- 
ing been  fo  generally  adopted,  and  through  fuch  a^ 
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focceffion  of  ages,  as  certain  ridiculous  or  pernicious 
errors. 

£uL£R  had  fhidied  almoft  erery:  branch  of  piiyfics, 
anatomy,  chemiftry,  botany ;  but  his  fupcriprity  io 
mathematics  did  not  permit  him  to  attach  the  fli^teft 
importance  to  his  proficiency  in  any  other  branch  of 
icience,  though  it  was  fuch  as  might  have  induced  at 
perfon  more  fufceptible  of  the  flattery  of  fdf-lpve 
to  afpire  to  the  title  pf  an  univer£d  fcholar. 

The  ftudy  of  ancient  literature,  and  of  the  learned 
languages,  had  formed  part  of  his  education :  he  re- 
tained a  tafte  for  thefe  to  the  eiid  of  life,  and  never 
forgot  any  thing  he  had  once  aojuired ;  but  he  had 
neither  time  nor  inclination  to  profecute  ^ther  his 
attainments  in  dafiic  literature.  He  had  not  fo 
much  as  read  the  modern  poets,  but  knew  the  Eneid 
by  heart.  Eulbr,  however,  did  not  lofe  %ht  of 
the  mathematics,  even  in  reciting  the  verfes  of  Virgil. 
Every  thing  concurred  to  prefent  him  with  this  dar- 
ling objed  of  his  thoughts,  and  we  find  among  his 
works,  an  ingenious  memoir  on  a  queftion  in  me- 
chanics, the  firfl;  idea  of  which,  he  tells  us,  was  fug- 
gefted  by  a  line  of  Virgil. 

It  has  been  faid  that,  to  men  of  gi'eat  talents,  the 
pleafure  of  exertion  is  a  reward  ftill  more  gratifying 
than^lory  itfelf :  were  it  neceflary  to  prove  this  truth 
by  examples,  that  of  Euler  would  put  it  beyond  a 
doubt. 

In  his  moft  profound  difcufEons  with  celebrated 
geometricians,  he  never  betrayed  the  flighteft  fymp- 
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torn  whicli  could  excite  a  fufpicion  of  his  being  ac- 
tuated by  motives  of  felf-love.  He  difcovered  no 
cagerneis  to  affert  his  title  to  the  merit  of  his  difco- 
reries ;  and  if  any  thing  in  liis  works  was  claimed 
as  the  difcovery  of  another,  he  was  at  pains  to  repair 
the  involuntary  oflfence,  even  without  enquiring  too 
fcrupuloufly,  whether  rigid  juftice  demanded  an  ab- 
iblute  renunciation.  Did  any  one  pretend  to  have 
detefted  him  in  error,  if  the  charge  was  unfounded, 
he  forgot  it ;  if  juft,  he  corrected  it,  without  flop- 
ping to  obferve  that,  in  many  cafes,  the  merit  of 
thofe  who  boafted  of  having  made  the  detection, 
confifted  wholly  in  an  eafy  application  of  the  me- 
thods which  he  himfelf  had  taught  them,  to  theories, 
the  greateft  difficulties  of  which  he  had  before-hand 
removed. 

Men  of  middling  ability  almoft  always  endeavour 
to  make  themfelves  of  confequence,  by  an  afFefted 
icvcrity,  proportional  to  the  lofty  idea  which  they 
wiih  to  convey  of  their  underftanding,  or  of  their 
genius.  Inexorable  to  all  that  r^fes  above  them,  they 
give  no  quarter  even  to  inferiority ;  fo  that  we  are 
tempted  to  fay,  a  fecret  confcioufnefs  fliews  them 
the  neceffity  which  they  are  under  of  lowering  others. 
An  inftindlive  emotion  engaged  Euler,  on  the  com 
trary,  to  celebrate  genius  the  moment  that  it's  firft 
exertions  had  challenged  his  attention,  and  without 
waitiog  till  public  opinion  courted  the  fandion  of 
Iiis  fuffirage. 

He  has  been  known  to  employ  his  time  in  refolvingj 
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problems  already  folved,  which  was  to  procure  for 
him,  at  moft,  the  inferior  praife  of  greater  elegance, 
•or  exaftnefs  of  method ;  and  this  with  the  fame 
ardor  and  perfeverance  that  he  could  have  exertef} 
in  the  profecution  of  a  new  truth,  the  difcovety  of 
which  might  have  brought  him  ^n  incrcafe  of  reput 
tation.  Befides,  had  an  ardent  defire  of  glory  ac-» 
tually  exifted  in  his  breaft,  it  would  have  been  im- 
pofSble  for  him,  fuch  was  the  franknefs  of  his  cha* 
rafter,  to  conceal  it's  emotions.  But  the  glory  which 
he  was  fo  little  folicitous  to  purfue,  fought  and  found 
him  out.  The  lingular  fertility  of  his  genius  was  a 
ftriking  phenomenon,  even  to  perfons  who  wer^  not 
in  a  condition  to  underftand  his  works. 
,  Though  wholly  devoted  to  geometry,  his  reputa* 
tion  challenged  the  attention  of  men  little  verfed  in 
that  fcience ;  and  he  appeared  in  the  eyes  of  all 
Europe  not  only  the  firft  of  geometricians,  but  a 
great  man.  It  is  the  cuftom  of  RAiffia  to  beftow  mi- 
litary titles  on  men  wholly  unconnefted  with  the 
fervice.  This  is  paying  homage  to  a  prejudice  which 
would  reprefent  the  profefSon  of  a  foldier  as  the 
only  title  to  nobility,  but  the  praftice  is  at  the  fame 
time  a  direft  acknowledgment  of  it's  complete  fal- 
fity.  Some  of  the  Literati  have  even  arrived  at  the 
rank  of  Major-General :  Euler  never  had,  and  in- 
deed  never  would  have,  any  diftinftion  of  this  fort ; 
but  what  title  in  the  power  of  Princes  to  beftow, 
could  do  honour  to  the  name  Euler?  And  then, 
regard  for  the  prefervation  of  the  natural  rights  of 
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humanity,  impofes,  in  fomc  meafurc,  the  duty  of 
fctting  the  example  of  a  fage  indifference  to  thefb 
baubles  of  human  vanity,  fo  childiih  and  yet  fo  dan- 
gerous. 

Moft  of  the  Princes  of  the  North,  to  whom  he  was 
pcrfoi^y  known,  gave  him  marks  of  their  efteem, 
or  rather  of  a  veneration  which  they  could  not 
with-hold  from  the  union  of  a  virtue  fo  fimple  with 
a  genius  fo  vaft  and  elevated.  When  the  Prince 
Royal  of  Pruflia  travelled  to  Peterfburg,  he  did  not 
wait  for  a  vifit  from  Euler,  but  went  firft  to  his 
houfe,  and  paffed  fome  hours  by  the  bed-iide  of 
the  venerable  old  nun,  holding  his  hands  in  his 
own,  with  one  pf  Euler's  grandchildren  in  his 
lap,  whom  early  fymptoms  of  a  genius  for  geome- 
try had  rendered  the  particular  objed  of  paternal 
affeSion. 

All  the  noted  mathematicians  of  the  prefent  day 
are  his  pupils :  there  is  no  one  of  them  who  has  not 
formed  himfelf  by  the  ftudy  of  his  works,  who  has 
not  received  from  him  the  formules,  the  method 
which  he  employs ;  who  is  not  directed  and  fup- 
ported  by  the  genius  of  Euler  in  his  difcoveries^ 
This  honour-  he  owes  to  the  revolution  effected  in 
the  mathematical  fciences,  by  fubjecting  all  to  ana- 
lyfis ;  to  his  indefatigable  application,  which  has  en- 
abled him  to  embrace  the  whole  extent  of  thefe  fci- 
ences ;  tQ  the  order  in  which  he  has  arranged  his^ 
great  works ;  to  the  limplicity,  to  the  elegance,  of 
Jus'formules ;  to  the  clearnefs  of  his  metliods  and 
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detnonftrations ;  and  all  this  greatly  enhanced,  by 
the  multiplicity  and  the  choice  of  his  examples.  Nei- 
ther Newtofiy  nor  Lkfc^rUs^  whofe  influence  was  once 
ifo  powerful,  has  arrived  at  this  pitch  of  glory ;  and 
hitterto,  Euler  alone,  of  geometricians,  has  poffefled 
it  entirely,  and  without  a  rival. 

But,  as  Profeflbf,  he  has  formed  pupils  in  a  pecu- 
liar fenfe  his  own.  Among  thefe,  we  mention  his 
eideft  fon,  whom  the  Academy  of  Sciences  elefted 
to  fupply  his  place,  without  any  apprehenfion  that 
this  honourable  fucceifion  granted  to  the  name  of 
EuLER,  as  to  that  of  Bernouilli,  could  ever  become  a 
dangerous  precedent :  a  fecond  fon,  now  engaged  in 
the  ftudy  of  medicine,  but  who,  in  his  youth,  ob- 
tained froni  that  Academy  the  prize  propofed  for 
determining  the  alterations  of  the  mean  motion  of 
the  planets ;  Mr.  LexelJ,  whofe  premature  death  has 
juft  left  a  blank  in  the  world  of  fcience ;  and,  to 
mention  no  more,  Mr.  Fu/s,  the  youngeft  of  his  fcho- 
lars,  and  the  companion  .  of  his  laft  labours ;  who, 
fent  from  Bale  to  Eujleiv  by  Daniel  BemouilU^  has, 
by  his  works^  done  credit  to  Bcrnouilli^s  rccommen* 
dation^  and*  Eui^er's  inftruftions,  and  who,  after 
having  paid  public  homage  in  the  Academy  of  Peterf- 
burg,  to  his  illuftripus  matter,  married,  his  grand- 
daughter. 

Of  fixteen  profeflbrs  belonging  to  the  Academy 
of  Peterfburg,  eight  had  been  formed  by  him  ;  and 
all  of  them,  well  known  from  their  produftions,  and 
decorated  with  academic  honours,  value  themfelves 
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on  being  able  to  add,  to  all  the  reft,  that  of  difciplc 

to  Eui.ER. 

He  had  retained  all  his  facility  of  thought,  and, 
apparently,  ail  his  mental  \'igour  :  no  decay  feemed 
to  threaten  the  fciences  with  the  fudden  lofs  of  their 
great  ornament.  On  the  7th  of  September,  1783, 
after  amufing  himfelf  with  calculating  on  a  flate  the 
laws  of  the  afcending  motion  of  air-balloons,  the 
.  recent  difcovery  of  which  was  then  making  a  noife 
all  over  Europe,  he  dined  with  Mr.  Lcxcll  and  his 
family,  t;ilkcd  of  Ilcrfiljcllh  planet,  and  of  the  cal- 
culations which  determine  it's  orbit.  A  little  after 
he  called  his  grand-child,  and  fell  a  playing  with  him 
as  he  drank  tea,  when  fuddenly,  the  pipe,  which  he 
held  in  his  hand^  dropped  from  it,  and  he  ceafed  to 
calculate  and  to  breathe. 

Such  was  the  end  of  one  of  the  greateft  and  moft 
extraordinary  men  ever  produced  by  the  hand  of 
nature :  a  man  whofc  genius  was  equally  capable  of 
the  greateft  efforts,  and  of  the  moft  unwearied  ap- 
plication ;  who  multiplied  his  productions  far  be- 
yond what  could  have  been  expected  from  powers 
merely  human,  and  was,  ncvcrthelefs,  original  in 
every  one;  whofe  head  was  inceffantly  employed, 
and  his  fpirit  al^'ays  tranquil ;  who,  finally,  by  a  de- 
ftiny.  unfortunately  too  rare,  united,  and  that  de- 
fervedly,  a  felicity  hardly  ever  interrupted,  to  a  glory 
which  no  one  ever  difputed  wnth  him. 

His  death  was  confidered  as  a  public  lofs,  e\'en  in 
the  country' which  he  inhabited.     The  Acidcmy  or 
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Peterfburg  went  into  deep  mourning  for  him,  and 
'voted  a  marble  buft  of  him,  at  their  own  expence, 
to  be  phced  in  their  Affembly-Hall.  An  honour 
ftill  more  diftinguifhed  had  ahready  been  conferred 
on  him,  by  that  learned  body,  in  his  Ufe-rtime.  In 
an  allegorical  painting,  a  figure  of  Geometry  is  re- 
prefented  leaning  on  a  tablet,  exhibiting  mathema^ 
tical  calculations,  and  the  characters  infcribed,  by 
order  of  the  Academy,  are  the  formules  of  his  new 
theory  of  the  moon.  Thus,  a  country  which,  at  the 
beginning  of  the  prefent  century,  we  confidered  as 
fcarcely  emerged  out  of  barbarifin,  is  become  the 
inftruclor  of  the  moft  enlightened  nations  of  Europe, 
in  doing  honour  to  the  life  of  grfeat  men,  and  in  em* 
balming  their  memory :  it  is  fetting  thefe  nations  an 
example,  which  fome  of  them  may  bluih  to  refled:, 
that  they  have  had  the  virtue  neither  to  propofe, 
nor  to  imitate. 
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LETTERS 

ON 

DiFFEkENt  SUBJECTS 

IN 

Physics  and  philosophy, 

LETTER  L 

Of  Magmtude^  or  Extenfiom 

Madam^ 

THE  hope  of  having  the  honour  to  communicate, 
in  perfon,  to  your  Highnefs,  my  leflons  in  Geo- 
metry, becoming  more  and  more  diftant,  which  is  a 
very  fenfible  mortification  to  me,  I  fed  myfelf  im- 
pelled to  fupply  perfonal  inftrudtion  by  writing,  as 
far  as  the  nature  of  the  dbjeftis  can  permit. 

I  be^n  my  attempt,  by  aflifting  you  to  form  a  juft 
idea  of  magnitude  }  producing,  as  examples,  the  fmall- 
eft  as  well  as  the  greateft  extenfions  of  matter  aftually 
difcoverable  in  the  fyftem  of  the  Univerfe.  And 
firft,  it  is  neceflary  to  fix  on  fome  one  determinate 
divifion  of  meafure,  obvious  to  the  fenfes,  and  of 
which  we  have  an  exaft  idea,  that  of  a  foot,  for  in- 
ftance.  The  quantity  of  this,  once  eftablifhed,  and 
rendered  familiar  to  the  eye,  will  enable  us  to  form 
the  idea  of  every  other  quantity,  as  to  length,  great 
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or  finall ;  the  former,  by  afcertaining  how  many  feet 
it  contains ;  and  the  latter,  by  ascertaining  what  part 
of  a  foot  mcafurcs  it.  For,  having  the  idea  of  a  foot, 
we  have  that  alfo  of  it*s  half,  of  it's  quarter,  of  it's 
twelfth  part,  denominated  an  inch,  of  it's  hundredth, 
and  of  it's  thoufandth  part ;  which  is  fo  fmall  as  al- 
ihoft  to  efcape  the  fight.  But  it  is  to  be  remarked, 
that  there  are  animals,  not  of  greater  extenfion  than 
this  laft  fubdivifion  of  a  foot,  which,  however,  arc 
compofed  of  members  through  which  the  blood  cir- 
culates, and  which  jgain  contain  other  animals,  as 
diminutive  compared  to  thexx^  as  they  are  compared 
to  us.  Hence  it  may  be  c^||cluded  that  animals 
exift,  whofe  Imzdlnefs  eludes  tYie  imagination ;  and 
that  thefe  again  are  divifible  into  parts  inconceivably 
finalkr.  Thus,  for  example,  though  the  ten  thou- 
fandth part  of  a  foot  be  too  fmall  for  fight,  and, 
compared  to  us,  ceaics  to  be  an  object  of  fenfe,  it  ne- 
verthelefs  furpafles  in  magnitude  certain  complete 
animals ;  and  mufi:,  to  one  of  thofe  animals,  were  it 
endowed  with  the  power  of  perception,  appear  ex- 
tremdy  great. 

Let  us  now  make  the  tranfition  from  thefe  minute 
quantities,  in  purfuing  which  the  mind  is  loft,  to 
thofe  of  the  greateft  magnitude.  You  have  the  idea 
of  a  mile  j*  the  diftance  from  hence  to  Magdeburg 
is  computed  to  be  1 8  miles  if  a  mile  contains  24,000 
feet,  and  we  employ  it  in  meafuring  the  diftance  of 
the  different  regions  of  the  globe,  in  order  to  avoid 

*  The  German  mile  is  equal  to  4  3-5*8  miles  Englifli,  nearly. 
t  About  $i  Engliih  nulea. 
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number^ ,  inconceivably  great,  in  our  calculations, 
which  muft  be  the  cafe  if  we  ufed  foot  inftead  of 
mile.  A  mile  then,  cohtaing  24,000  feet,  when  it  is 
£aid  that  Magdeburg  is  18  miles  from  Berlin,  the 
idea  is  much  clearer,  than  if  the  diftance  of  thefe  two 
cities  were  iaid  to  be  432,000  feet:  A  number  fo 
great  almoft  overwhelms  the  undeirftanding^  Again^ 
We  ftiall  have  a  tolerably  juft  idea  of  the  magnitude 
of  the  earth,  when  we  are  told  that  it's  circumference 
is  about  5,400  miles*  And  the  diameter  being  a 
firaight  line  paffin^through  the  centre,  and  termi* 
nating,  in  opposite  Jljl^ions,  in  the  furface  of  the 
fphere,  which  is  thefl^w)wledged  figure  of  the  earth, 
for  which  reafon  alfo  we  ^ive  it  the  name  of  globes, 
the  diameter  of  this  globe  is  calculated  to  be  1720 
miles  •,*  and  this  is  the  meafurement  which  we  em- 
ploy for  determining  the  greateft  diftances  difcover- 
able  in  the  heavens.  Of  all  the  heavenly  bodies  the 
moon  is  neareft  to  us,  being  diftant  only  about  30 
diameters  of  the  earth,  which  amount  to  51,600 
mileSjt  or  1,238,400,000  feet;  but  the  firft  compu- 
tation of  30  diameters  of  the  earth,  is  the  d^areft 
idea.  The  fun  is  about  300  times  farther  from  us 
than  the  moon ;  and  when  we  lay  his  diftance  is 
9,000  diameters  of  the  earth,  we  have  a  much  clearer 
idea,  than  if  it  were  exprefled  in  miles,  or  in  feet. 

*  About  7,920  Englifh  miles.  The  diameter  of  our  earth  is 
really  7,964  Epgliih  miles,  it's  circumference  25,020.  The  mean 
diilance  of  the  moon  is  240,000  miles,  which  fcarcely  exceeds  the 
^poth  part  of  the  fun's  agiean  diftance,  or  93,720^000  miles. 

t  About  237,360  xbU^  Engliih. 
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You  know  that  the  earth  performs  a  revolution 
found  the  fun  in  the  fpace  of  a  year,  but  that  the 
fun  remains  fixed.  Befide  the  earth,  there  are  five 
other  fimilar  bodies,  named  planets,  which  revolve 
round  the  fun ;  two  of  them  at  fmaller  diftanccs. 
Mercury  and  Venus ;  and  three  at  greater,  namely 
Mars,  Jupiter  and  Saturn.  AD  the  other  ftars  which 
we  fee,  comets  excepted,  are  called  fixed ;  and  their 
diftance  from  us  is  incomparably  greater  than  that  of 
the  fun.  The  diftances  are  undoubtedly  very  un- 
equal, which  is  the  reafon  that  fome  of  thcfe  bodies 
appear  greater  than  others.  But  the  neareft  of  them 
is,  unqueftionably,  above  59^^^  times  more  diftant 
than  the  Sun :  it's  diftance  from  us,  accordingly,  ex- 
ceeds 45,000,000  of  times  the  earth's  diameter,  that 
is  77,400,000,000  of  miles  ;*  and  this  again  multi- 
plied by  24,000  will  give  that  prodigious  diftance  ex- 
preffed  in  feet.  And  this,  after  all,  is  the  diftance 
only  of  thofe  fixed  ftars  which  are  the  neareft  to  us ; 
the  moft  remote  which  we  fee,  are  perhaps  a  hundred 
times  farther  off.  It  is  probable,  at  the  fame  time, 
that  all  thefe  ftars  taken  together,  conftitute  only  a 
very  finall  part  of  the  whole  univerfe,  relatively  to 
which  thefe  prodigious  diftances  are  not  greater  than 
^  grain  of  fand  compared  to  the  earth.  This  im* 
menfity  is  the  work  of  the  Almighty,  who  governs 
the  greateft  bodies  and  the  finalleft.t 

BcHin,  i^k  AprUy  1760. 

^  3  5fi»050,ooo,ooo  miles  Englilh. 

'  This  letter,  in  the  original  edition,  that  of  Leipfig,  1770,  h 
'"•  OcrUn  19th  April,  1760,  and  CQndudes  with  thcfe  words, 
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Of  Velocity. 

FLATTERING  myfelf  that  your  Highnefs  may  - 
be  pleafed  to  accept  the  continuation  of  my  in- 
ftruftions,  a  fpecimen  of  which  I  took  the  liberty  of 
prefenting  to  you  in  a  former  letter,  I  proceed  to  un- 
fold the  idea  of  velocity,  which  is  a  particular  fpecies 
of  extenfion,  and  fuiceptible  of  increafe  and  of  di- 
minution. When  ^Bmibftance  is  tranfported,  that 
is,  when  it  paffes  fra(|r  one  place  to  another,  we  af- 
cribe  to  it  a  velocity.  Let  two  perfons,  the  one  on 
horfeback,  the  other  on  foot,  proceed  from  Berlin  to 
Magdeburg,  we  have,  in  both  cafes,  the  idea  of  a 
certain  velocity ;  but  it  will  be  immediately  affirmed, 
that  the  velocity  of  the  former  exceeds  that  of  the 
latter.     The  queftion  then  is.  Wherein  confifts  the 

(which  are  with  great  propriety  omitted  by  the  philofophic  French 
editor  of  the  work^  twenty-feven  years  afterwards)  and  who  is  now 
crowning  toith  fuccefs  the  arms  in  which  we  are  fo  deeply  interefted^ 
This  is,  no  doubt,  a  dreadful  "  falling  ofT'  from  the  roajefty  of 
the  fubjeft.  Who  cares  new  about  the  fuccefs  of  the  Pruifian 
arms  in  1760?  But  philofophers,  as  well  as  other  men,  are  under 
the  dominion  of  local  and  temporary  circumftances,  Frederick  II. 
was  then  in  the  zenith  of  his  glory ;  Euler  was  living  at  Berlin, 
and  giving  leilbns  in  philofophy  to  the  niece  bf  that  illuftrious 
prince.  Is  it  to  be  wondered,  then,  that  he  (hould  fink  for  a  mo- 
ment into  the  courtier,  and  offer  a  drachm  of  incenfe  to  a  great 
lady  ;  or,  that  a  foul  fo  uniformly  devout,  fhould  acknowledge  the 
providence  of  the  Almighty  in  a  particular  inftance  ? 
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city  with  which  I  am  able  to  walk.  No^  it  \%  cafy 
to  comprehend  what  is  meant  bjr  a  greater  or  lefs  re* 
locity.  For  if  a  courier  were  to  go  from  hence  to 
Magdelkrrg  in  1 2  hours,  his  velocity  would  be  the 
double  of  mine :  if  he  went  in  eight  hours,  his  ve* 
locity  would  be  triple.  We  remark  a  very  great  dif- 
ference in  the  degrees  of  velocity.  The  tortoife  far- 
nifties  an  example  of  a  velocity  extremely  fmaH.  If 
ftie  advances  only  one  foot  in  a  minute,  her  velocity 
is  JOG  times  lefs  than  mine,  for  I  advance  300  feet  in 
the  fame  time.  We  are  likewife  acquainted  with  ve- 
locities nrnch  greater*!  That  of  the  wind  admits  of 
great  variation.  A" iSf^oderate  wind  goes  at  the  rate 
of  10  feet  in  a  fecond,  or  600  feet  in  a  minute ;  its 
velocity  therefore  is  the  double  of  mine.  A  wind 
that  runs  20  feet  in  a  fecond,  or  1200  in  a  minute,  is 
rather  ftrong ;  arid  a  wind  whicfh  flies  at  the  rSite  of 
50  feet  in  a  feq^nd  is  extremely  violent,  though  its 
velocity  is  only  10  times  -greater  than  mine,  and 
would  take  two  hours  and  twenty-four  minutes  to 
blow  from  hence  to  Magdeburg. 

The  velocity  of  found  comes  next,  which  moves 
1000  feet*  in  a  fecond,  and  60,000  in  a  minute. 
This  velocity,  therefore,  is  200  times  greater  than 
that  of  my  pace  j  and  were  a  cannon  to  be  fired  at 
Magdeburg,  if  the  report  could  be  heard  at  Berlin,  it 

*  The  velocity  of  found  is  generally  conaputed  at  1,142  feet 
each  fecond,  but  varies  with  the  elafticity  and  denfity  of  the  air. 
The  earth  travels  in  her  orbit  1,612,000  miles  in  the  fpace  of  24 
hours,  and  therefore  with  a  velocity  more  than  50  times  greater  -• 
than  that  of  a  cannon  ball.  Light  moves  about  13  millions  of 
rniles  every  minute. 
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would  arrive  there  in  feven  minutes.  A  cannon  ball 
moves  with  nearly  the  fame  velocity ;  but  when  thq 
piece  is  loaded  to  the  utmoft,  the  ball  is  fuppofed  ca-r 
pable  of  flying  2,000  feet  in  a  fecond,  or  1  ao,ooo  in 
a  minute.  This  velocity  appears  prodigious,  though 
it  is  only  400  times  greater  than  that  of  my  pace  ia 
walking  to  Lytzow ;  it  is  at  the  fame  time  the 
greateft  velocity  known  upon  earth.  But  there  are 
in  the  heavens  velocities  far  greater,  though  theit 
motion  appears  to  be  extremely  deliberate,  You 
know  that  the  earth  turns  round  on  it's  a^  in  24 
hours :  every  point  of  it's  furface,  then,  under  the 
equator,  moves  5,400  miles*  in  24  hours,  while  \ 
am  able  to  get  through  only  1 8  miles.f  It's  velocity 
is  accordingly  300  times  greater  than  mine,  and  lefi; 
notwithftanding  than  the  greateft  poffible  velocity  of 
a  cannon  ball.  The  earth  performs  it's  revolution 
round  the  fun  in  the  fpace  of  a  yey ,  proceeding  at 
the  rate  of  12^,250  mile^J  in  24  hours.  It's  veloi», 
city,  therefore,  is  i  8  times  more  rapid  than  that  of 
a  cannon  ball.  The  greateft  velocity  of  which  w? 
have  any  knowledge  is,  undoubtedly,  that  of  light, 
which  moves  2,000,000  of  miles  §  every  minute,  and 
exceeds  the  velocity  of  a  cannon  ball  400,000  times, 
zzdAprify  1760. 

♦  24,840  Englifh  milci  t  About  83  Englifh. 

}  589,950  Englifli.  §  9,200,000  miles  Engliih. 
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LETTER  in. 

Of  Sounds  and  ifs  Velocity* 

4 

THE  ducidations  of  the  diflferent  degrees  of  ve- 
locity, which  I  have  had  the  honour  to  lay  be- 
fore your  Highnefs,  carry  me  forward  to  the  exami-- 
nation  of  found,  or  noife  in  general.  It  muft  be 
remarked,  that  a  certain  portion  of  time  always  in- 
tervenes before  found  can  reach  our  ears,  and  that 
this  time  is  longer  in  proportion  to  our  diftance  from 
the  place  where  the  found  is  produced ;  a  fecond  of 
jtime  being  requifite  to  convey  found  i  coo  feet. 

When  a  cannon  is  fir^d,  thofe  who  are  at  a  dit 
tance  do  not  hear  the  report  for  fome  time  after 
they  haye  fcen  the  flafli.  Thofe  who  are  a  mile,  or 
24,000  feet  diftajit,  hear  not  the  report  till  24  fe- 
conds  after  they  faw  the  flame.  You  muft  no  doubt 
have  fi^equently  remarked,  that  the  noife  of  thunder 
reaches  not  the  ear  for  fome  time  after  the  lightning : 
and  it  is  by  this  we  are  enabled  to  calculate  our  dit 
tance  from  the  place  where  the  thunder  is  generated. 
If,  for  example,  we  obferve  that  20  feconds  intervene 
between  the  flafli  and  the  thunder-clap,  we  may  con- 
clude that  the  feat  of  the  thunder  is  20,000  feet 
difiant,  allowing  1 000  feet  of  diftance  for  every  fe- 
cond of  time.  This  primary  property  leads  us  to 
inquire.  In  what  found  confifls  ?  Whether  it's  nature 
Js  fimilar  to  that  of  fmeU,  that  is,  whether  found 
j%$s  from  the  body  which  produces  it,  as  finell  is 

emitted 
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emitted  from  the  flower,  by  filling  the  air  with  fub- 
tile  exhalations,  proper  to  aflect  our  fenfe  of  fmell- 
ing.  This  opinion  was  formerly  entertained,  but  it 
is  now  demonftratcd,  that  from  a  bell  ftruck  nothing 
proceeds  that  is  conveyed  to  our  ear,  and  that  th^ 
body  which  produces  found  lofes  no  part  of  it*s  fub* 
fiance.  When  we  look  upon  a  bell  that  is  ftruck,  or 
the  firing  of  an  inftrument  when  touched,  we  per-' 
ceive  that  thefc  bodies  are  then  in  a  fiate  of  trem- 
bling, or  agitation,  by  which  all  their  parts  are  af- 
fefted ;  and  that  all  bodies,  fufceptible  of  fuch  an 
agitation  of  their  parts,  likewife  produce  found. 
Thefe  fliakings  or  vibrations  are  vifible  in  the  firing 
of  an  inftrument  when  it  is  not  too  fmall ;  the  tenfe 
firing  A  C  B  paffcs  alternately  into  the  fituation 
AM  B  and  A  N  B.  (See  plate  L  Jig.  i.  in  which  I 
have  repreferited  thefe  'vibrations  much  more  obvious  t$ 
fenfe  than  they  are  in  fait.)  It  muft  be  further  ob- 
ferved,  that  thefe  vibrations  put  the  adjacent  air  into 
a  fimilar  vibration,  which  is  fucceflively  communi- 
cated to  the  more  remote  parts  of  the  air,  till  it  come 
at  length  to  ftrike  our  organ  of  hearing.  It  is  the 
air,  then,  which  receives  thefe  vibrations,  and  which 
tranfmits  tlie  found  to  our  ear,  Hence  it  is  evident, 
that  the  perception  of  found  is  nothing  elfe  but  the 
imprciiion  made  on  our  ear  by  the  concuffion  of  the 
?iir,  communicated  to  us  through  the  organ  of  hear*^ 
ing ;  and  when  wc  hear  the  found  of  a  ftring  toilih* 
ed,  ()ur  car  receives  from  the  air  as  many  flrokes4b 
the  ftring  performs  vibrations  in  the  fame  time, 
Thus,  if  the  ftring  performs  loo  vibrations  in  a  fe 

condi 
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eond,  the  ear  likewife  receives  i  oo  ftrokes  in  the 
iame  time  ^  and  the  perception  of  thefe  ftrokes  is 
what  we  call  found.  When  thefe  ftrokes  fucceed 
each  other  uniformly,  or  when  their  intervals  are  aH 
equal,  the  found  is  regular,  and  fuch  as  is  requifite  to 
xnufic.  But  when  the  ftrokes  fucceed  unequally,  or 
when  their  intervals  are  unequal  among  themfelves, 
an  irregular  noife,  incompatible  with  mufic,  is  tht 
refult.  On  confidering  fomewhat  more  attentively 
the  mufical  founds,  whofe  vibrations  take  place 
equally,  I  remark  firft,  that  when  the  vibrations,  as 
well  as  the  ftrokes  impreifed  on  the  ear,  are  more  or 
lefs  ftrpng,  no  other  difference  of  found  rcfults  from 
it,  but  that  of  ftronger  or  weaker,  which  produces 
the  dif^biftion,  termed  by  muficians,yj?r/^  "id  piano. 
But  there  is  a  difference  much  more  effential,  when 
the  vibrations  are  more  or  lefs  rapid,  that  is,  when 
.more  or  fewer  of  them  are  performed  in  a  fecond. 
When  one  ftring  makes  i  oo  vibrations  in  a  fecond, 
and  another  ftring  makes  200  vibrations  in  the  fame 
time,  their  founds  are  effentially  different ;  the  for- 
mer is  lower  or  more  flat,  and  tht  other  higher  or 
more  fliarp.  Such  is  the  real  difference  between  the 
flat  and  fliarp  founds,  on  whic^i^  mufic  hinges,  and 

which  teaches  how  to  combine  founds  different  in 

• 

refpe6t  of  flatnefs  and  fliarpnefs,  but  in  fuch  a  man- 
ner as  to  produce  an  agreeable  harmony.  In  the 
flat  founds  there  are  fewer  vibrations  in  the  fame 
time  than  in  the  fliarp  foui^ds ;  and  every  key  of  the 
harpfichord  contains  a  certain  and  determinate  num- 
J)er  of  vibrations,  which  are  completed  in  a  fecond. 

Thui 
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Thus  the  note  marked  by  the  letter  C,*  makes 
nearly  loo  vibrations  in  a  fecond;  and  the  note 
marked  =  makes  1 600  vibrations  in  the  fame  fpace 
of  time.  A  firing  which  vibrates  1 00  times  in  a  &• 
cond,  will  give  precifely  the  note  C ;  and  if  it  vu 
brated  only  50  times,  the  note  would  be  lower  or 
more  flat.  But  with  regard  to  our  ear,  there  are 
certain  limits  beyond  which  found  is  no  longer  per- 
ceptible. It  would  appear  that  we  are  incapable  of 
determining  either  the  found  of  a  firing  which  mak^ 
lefs  than  30  vibrations  in  a  fecond,  becaufe  it  is  too 
low ;  or  that  of  a  firing  which  would  make  more 
than  7552  in  a  fecond,  becaufe  fuch  a  note  would  be 
too  high. 

26M  Apr'dy  1 760. 

•  The  note  C  is  that  which  is  produced  by  touching  the  thick* 

eft  firing  of  a  violoncello ;  the  note  c  is  the  fourth  o&ave  of  the 
firft ;  accordingly,  thefe  two  notes^  reprcfcnted  by  the  ufual  me- 
thod  of  pricking  mufic,  are 

3:  A'.    r~ 
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Mr,  Euler  marks  the  progreffion  of  oftaves  thus  : 

1ft  odave,  2d  odave,  Sd  odlave,        4th  odlave, 

^  -  s  2 

v>,  or  ul.  c.  c  c  c 

and  in  like  manner  for  the  other  notes  of  the  gamut ;  D.  E.  Ft 

G.  A.  B,  or  rcy  mi^fa^Jhly  la^Ji, 

In  writing  the  chromatic  fcale,  he  employs  the  following  figns : 

C.  Cs,     D,    Ds,    E,    F,    Fs,     G,    Gs.    A,    B,    H,    c 

I//,  tt/X,    re^     rem,  mi,  fa,  fa^,  fol,  /oi^,    ia,  /b> /4>    «^ 
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LETTER^  IV. 

Of  Confonance  and  Diffonance. 

I  RESUME  my  remark,  that  on  hearing  a  fimple 
mufical  found,  our  ear  is  ftruck  with  a  feries  of 
ftrokes  equally  diftant  from  each  other,  the  frequency 
and  number  of  which,  in  a  given  fpace  of  time,  con- 
ftitute  the  difference  which  fubfifts  between  low  notes 
and  high :  fo  that,  the  fmaller  the  number  of  vibra- 
tions or  firokes  produced  in  a  ^ven  time,  fay  a  fc- 
cond,  the  lower  we  eftimate  that  note;  and  the 
greater  the  number  of  fuch  vibrations,  the  higher  is 
the  note.  The  perception  of  a  fimple  mufical  found 
may,  therefore,  be  compared  to  a  feries  of  dots  equi- 
difl:ant  from  each  other,  as If  the  in- 
tervals between  thefe  dots  be  greater  or  fmaller,  the 
found  produced  will  be  lower  or  higher.  It  cannot 
be  doubted,  that  the  perception  of  a  fimple  found  is 
fomewhat  fimilar  or  analogous  to  the  fight  of  fuch  a 
feries  of  dots  equidifl:ant  from  each  other :  we  are 
enabled  thus  to  reprefent  to  the  eye  what  the  ear 
perceives  on  hearing  found.  If  the  diftances  between 
the  dots  were  not  equal,  or  were  thefe  dots  fcattered 
about  conftifedly,  they  would  be  a  reprefentation  of 
a  confiifed  noife,  inconfifl:ent  with  harmony.  This 
being  laid  down,  let  us  confider  what  effect  two 
founds  emitted  at  once  mufl:  produce  on  the  ear* 
Firft,  it  is  evident,  that  if  two  founds  are  equal,  or 
if  each  p^orms  the  lame  nun:iber  pf  vibrations  in 

the 
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the  fame  time,  the  ear  will  be  afFefted  in  the  veff 
fame  manner  as  by  a  iingle  note ;  and,  in  mufic,  thefe 
two  notes  are  ikid  to  be  in  unifon,  which  is  the 
fimpleft  accord:  we  mean  by  the  term  accord  the 
blending  of  two  or  more  founds  heard  at  once.  But 
if  two  founds  diflfer  in  refpeft  of  low  and  high^  wt 
ihall  perceive  a  mixture  of  two  feries  of  firokes,  ia 
each  of  which  the  intervals  are  equal  among  them« 
fclvcs,  but  greater  in  the  one  than  in  the  other ;  the 
greater  intervals  correfponding  to  the  lower  note^ 
and  the  fmalier  to  the  higher.  This  mixture,  or  this 
accord  of  two  notes,  may  be  reprefented  to  the  eye$ 
by  two  feries  of  dots  arranged  on  two  lines  A  B  and 
CD} 

123456789       10    II 
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C D 

123  456789  10  II  12 
and  in  order  to  form  a  juft  idea  of  thefe  two  feries, 
we  muft  have  a  clear  perception  of  the  order  whfch 
fubfifts  among  them,  or,  in  other  words,  of  the  rela- 
tion between  the  intervals  of  the  one  line  and  of  the 
other.  Having  numbered  and  marked  the  dots  of 
each  line,  and  placed  No.  i.  under  No.  i ;  thofe 
marked  with  the  figure  2,  will  not  exa<My  corrc- 
^nd,  and  flill  lefs  thofe  marked  3 :  but  we  find 
No.  1 1  exaffly  over  No  1 2  :  from  which  we  difcover 
that  the  higher  note  makes  1 2  vibrations,  and  the 
other  only  11.  If  we  had  not  affixed  the  figures, 
the  eye  would  hardly  have  perceived  this  order ;  it 
18  the  fame  with  the  ear,  which  would  with  mucb 

,  difficulty 
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diflSiculty  have  traced  it  in  the  two  notes  which  I 
have  reprefented  by  two  rows  of  dots.  But  in  the 
following  figure, 


you  difcover  at  the  firft  glance  that  the  upper  line 
contains  twice  as  many  dots  as  the  under,  or  that 
the  intervals  in  the  under  line  -  are  twice  as  great 
as  thofe  of  the  upper.  This  is  undoubtedly,  next 
to  unifon,  the  fimpleft  of  all  cafes,  in  which  you  can 
at  once  difcover  the  order  which  fubfifts  between 
thefe  two  feries  of  dots ;  and  the  fame  thing  holds 
with  refpeft  to  the  two  notes  reprefentcd  by  thefe 
two  lines  of  dots :  the  number  of  vibrations  coir- 
tained  in  the  one  will  be  precifely  the  double  of  the 
vibrations  contained  in  the  other,  and  the  ear  will 
eafily  perceive  the  pleafing  relation  of  thefe  two 
founds ;  whereas,  in  the  preceding  cafe,  it  was  ex- 
tremely difficult,  if  not  impoffible,  to  difcriminate. 
When  the  ear  readily  difcovers  the  relation  fubfifting 
between  two  notes,  their  accord  is  denominated  con* 
fonance :  and  if  it  be  very  difficult,  or  even  impoffible 
to  catch  this  relation,  the  accord  is  termed  dijfonance.  , 
The  fimpleft  confonance,  then,  is  that  in  which  {he 
high  note  produces  precifely  twice  as  many  vibra- 
tions  as  the  low  note.  This  confonance,  in  the  Ian- 
guage  of  mufic,  is  called  o6lave :  every  one  knows 
what  it  means ;  and  two  notes  which  differ  precifely 
an  o^ve,  harmonize  fo  perfedly,  and  poflefs  fuch  a 
complete  refemblance,  that  muficians  mark  them  by 
theiamtiB.lQtt^St.    Hence  it  is  that  in  church-mufic 

the 
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the  vtrotrien  fing  an  o^ve  higher  than  the  m^n^  atid 
yet  imagine  they  are  uttering  the  fame  founds.  YoH 
may  eafily  afcertain  the  truth  of  this  by  touching  the 
keys  of  a  harpfichOTd,  when  you  will  perceive  with 
pleafure  the  delightful  accord  of  all  the  notes  which 
lure  jtift  an  oftave  diftant,  whereas  any  other  two 
notes  whatever  will  ftrike  the  ear  lefi  agreeably* 

t^t/i  Aprily  1 760. 

LETTER  V. 

Of  Unifon  and  O^laveu 

YOUk  ilighnefs  has  by  this  time  remarked,  that 
the  accord  which  mxlficians  call  an  oftave, 
ftrikes  the  ear  in  a  manner  fo  decided,  that  the 
flighteft  deviation  is  eafily  perceptible^  Thus,  having 
touched  the  Key  marked  F,  that  marked  f,  which  is 
an  octave  higher,  is  eafily  attuned  to  it,  by  the  judge- 
ment of  the  car  only.  If  the  firing  which  is  to  pro* 
duce  this  note  be  ever  fo  little  too  high  or  too  low^ 
the  ear  is  inftantly  offended,  and  nothing  is  eafier 
than  to  put  the  two  keys  perfeftly  in  tune.  Thus 
we  obferve,  that  in  finging  the  voice  Aides  eafily  from 
one  note  to  another,  which  is  juft  an  oftave  higher 
or  lower.  But  were  it  required  to  pafs  immediately 
from  the  note  F  to  the  note  d,  for  example,  an  ordi«t 
nary  finger  might  eafily  fall  into  a  miftake,  unldk  at 
filled  by  an  inftxumentv  Having  fixed  the  note  F, 
it  is  almoft  impoflible  all  at  once  to  make  the  tran* 
iition  to  the  i;ote  d.    What  then  is  the  reafon  of 

thif 


OF  UNISON  AND  OCTAVE5.  1/ 

this  diflFerence,  that  it  is  fo  eafy  to  make  note  f  har- 
monize with  note  F,  and  fo  difficult  to  make  note  d 
accord  with  it  ?  The  reafon  is  evident  from  the  re- 
marks ahrcady  made :  it  is  this,  that  note  F  and  note  f 
make  an  odtave,  and  that  the  number  of  vibrations 
of  note  f  is  precifely  double  that  of  note  F.  In  or- 
der to  have  the  perception  of  this  accord,  you  have 
only  to  confider  the  proportion  of  one  to  two,  which, 
as  it  inftantly  ftrikes  the  eye  by  the  reprefentation  of 
the  dots  I  formerly  employed,  aflFefts  the  ear  in  a 
fimilar  manner^  You  will  eafily  comprehend,  then, 
that  the  more  fimple  any  proportion  is,  or  expreffed 
by  finall  numbers,  the  more  diftinftly  it  prefents  it- 
felf  to  the  underftanding,  and  conveys  to  it  a  fenti- 
ment  of  fittisfaiaion.*  Architects  likewife  oarefiilly 
attend  to  this  maxim,  as  they  uniformly  employ  in 
their  works  proportions  as  fimple  as  circumftanccs 
permit.  They  ufually  make  the  height  of  doors  and 
windows  double  the  breadth,  and  endeavour  to  em- 
ploy throughout  proportions  capable  of  being  ex- 
preffed by  fmall  numbers,  becaufe  this  is  obvious  and 
grateful  to  the  underftanding.  The  fame  thing 
holds  good  in  mufic :  accords  are  pleafing  only  in  fo 
far  as  the  mind  perceives  the  relation  fiibfifting  be- 
tween the  founds,  and  this  relation  is  fo  much  more 

♦  In  order  to  have  a  clear  conception  of  wliat  follows,  it  muftf 
be  recollected,  that  the  terms  relation  and  ratio  are  fynoniinou9,i 
and  that  the  author  is  here  confidering  geometrical  proportioOy 
which  conlids  in  the  number  of  times  that  the  fitit  term  is  con- 
tained in  the  fecond.— f.  £. 

Vox,.!  C  eaffly 
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eafily  perceptible,  as  it  is  exprefled  by  fmall  numbersi. 
Now,  next  to  the  relation  of  equality,  which  denotes 
two  founds  in  unifon,  the  ratio  of  two  to  one  is  un- 
doubtedly the  moft  iimple,  and  it  is  this  which  fur- 
niflies  the  accord  of  an  oftave :  hence  it  is  evident, 
that  this  accord  poffeffes  many  advantages  above 
every  other  confonance.  Having  thus  explained  the 
accord,  or  interval  of  two  notes  denominated  by  mu- 
ficians  an  oftave,  Jet  us  confidcr  feveral  notes,  as  F, 
f,  f,  f,  I  each  of  which  is  an  oftave  higher  than  the 
one  immediately  preceding :  fince  then  the  interval 
of  F  from  f,  of  f  from  ?,  of  f  from  ?,  of  f  from  ^  i^ 
an  oftave,  the  interval  of  F  to  f  will  be  a  double  oc- 
tave, that  of  F  to  r,  a  triple  oftave,  and  that  ofYtof^ 

a  quadruple  oftave.  Now,  while  note  F  makes  one 
vibration,  note  f  makes  two,  note  F  makes  four, 
note  f  makes  eight,  and  note  f  makes  fixteen :  hence 

we  fee,  that  as  an  oftave  correfpoiids  In  the  relation 
.of  I  to  2,  a  double  oftave  muft  be  in  the  ratio  of 
I  to  4,  a  triple  in  that  of  i  to  8,  and  a  quatdruple  hi 
that  of  I  to  1 5.  And  the  ratio  of  i  to  4,  not  being 
ib  fimple  as  that  of  1  to  2,  for  it  does  not  fo  readily 
ftrike  the  eye,  a  double  oftave  is  not  fo  eafily  per- 
ceptible to  the  ear  as  a  fingle ;  a  triple  i^  ftill  Id's  per- 
ceptible, and  a  quadruple  ftill  much  lefs  fo.  When, 
^erefore,  in  tuning  a  harpfichord,  you  have  fixed 
the  note  F,  it  is  not  fo  eafy  to  attune  the  double 
^^ftavc  f   as  the  fingle  f ;    it  is  ftill  more  difficult 

'  attune  the  triple  oftave  f  and  the  quadruple  f 
bout  rifing   through  the  intermediate  oftaves. 

lliefe 
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Thefe  accords  are  likewife  comprehended  in  the  term 
confonance ;  and  as  that  of  nnifon  is  moft  fimplc, 
they  may  be  arranged  according  to  the  following 
gradations : 

I.  Degree,  unifbn,  indicated  by  the  relation  of  i  to  i  • 
II.  Degree,  the  immediate  odUve,  in  the  ratio  of  i  to  3. 

III.  Degree,  the  double  odtave,  in  that  of  i  to  4. 

IV.  Degree,  the  triple  odlave,  in  that  of  i  to  8. 

'     V.  Degree,  the  quadruple  odlave,  in  that  of  i  to  16. 
VI*  Degree,  the  quintuple  oda^e,  in, that  of  x  to  3s. 

And  fo  on,  as  long  as  found  is  perceptible.  Such 
are* the  accords  denominated  confonances,  to  the 
knowledge  of  which  we  have  been  thus  far  condu<^- 
jed ;  but  hitherto  we  know  nothing  of  the  other 
fpecies  of  c6nfonance,  and  fiill  lefs  of  the  diflbnances 
employed  in  mufic.  Before  I  proceed  to  the  expli- 
cation of  thefe,  I  muftadd  one  remark  refpefting  the 
name  o&axc^  given  to  the  interval  of  two  notes,  the 
one  of  which  contains  twide  the  vibrations  contained 
in  the  other.  You  fee  the  reafon  of  it  in  the  prin- 
cipal flops  of  the  harpfichord,  which  rife  by  feven 
degrees  before  you  arrive  at  the  oftave  C,  D,  E,  F, 
G,  A,  B,  Cy  fo  that  flop  c  is  the  eighth,  reckoning 
C  the  firft.  And  this  divifion  depends  on  a  certain 
feries  of  mufical  intervals,  the  nature  of  which  fhall 
be  unfolded  in  the  following  letters. 

r  sdMayj  1760. 
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LETTER  VI. 

Of  Other  Confonances, 

TT  may  be  affirmed,  that  the  relations  of  one  to  ^, 
^  of  I  to  4,  of  I  to  8,  of  I  to  i6,  which  wc  have 
hitherto  confidered,  and  which  cohtaii^  the  progret 
fion  of  o6h.ves,  are  all  formed  by  the  number  2  only  -y 
iince  4  is  2  times  2;  8,  2  times  four ;  169  two  times  8. 
Were  we  to  admit,  therefore,  the  number  2  alone 
into  mufic,  we  fhould  arrive  at  the  knowledge  dL 
only  the  accords  or  confoiunces  which  mufician»calt 
the  fingle,  double,  or  triple  o^ve  ^  and  as  the  nuntu 
ber  2,  by  its  reduplication,  fumiihes  cmly  the  numi- 
bers  4,  8^  16,  32,  64,  the  one  being  always  double 
the  preceding,  all  other  numbers  would  remain  un« 
known.  Now,  did  an  tnftrument  contain  odaves 
only,  as  the  notes  marked  C,  c,  c,  c,  %  and  were  all 
others  excluded,  it  could  not  produce  an  agpreeable 
mufic,  on  account  of  its  too  great  fimplicity.  Let 
us  introduce,  then,  together  with  number  2,  the 
number  3  likewife,  and  obferve  what  accords  or  con- 
ibnances  would  be  the  refuk.  The  ratio  of  i  to  3 
prefents  at  once  two  founds,  the  one  of  which  makes 
3  times  more  vibrations  than  the  other  in  the  fame 
time.  This  ratio  is  undoubtedly  the  moft  eafily  to 
be  comprehended,  next  to  that  of  i  to  2 ;  it  will, 
accordingly,  furnifli  very  pleafing  confonances,  but 
of  a  nature  totally  different  from  that  of  oftaveSi. 
Let  us  fuppofe,  then,  that  in  the  proportion  of  i 
>         .  '  ta 
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to  3,  number  i  correfponds  to  note  C ;  fince  note  c  i^ 
expreflfed  by  number  2,  number  3  gives  a  found 
higher  than  c,  but  at  the  fame  time  lower  than  note 
c,  which  correfponds  to  number  4.  Now,  the  note 
exprefTed  by  3  is  that  to  which  muficians  affix  the 
ktter  g,  and  they  denominate  the  interval  from  c  to 
g,  affth^  becaufe  in  the  keys  of  a  harpfichord  that 
of  g  is  the  fifth  from  c,  as  c,  d,  e,  f,  g.  If  then 
number  i  produces  the  found  C,  ntimber  2  will  give 
c ;  number  3  gives  g,  number  4  the  note  c  ;  and 
note  g  being  the  oftave  of  g,  the  number  correfpond- 
ing  to  it  will  be  3  times  3,  or  6.  Rifing  fl:ill  an  oc- 
tave,  the  found  \  will  correfpond  J:q  a  number  twice 
greater,  that  is  1 2.  All  the  notes  with  which  the 
two  numbers  2  and  3  furnifh  us,  indicating  note  G 
by  I,  therefore  are. 


c. 

c. 

S' 

e» 

g> 

c. 

a 

2 
c 

I. 

3^ 

3- 

4- 

6. 

8. 

12. 

1 5. 

Hence  it  is  clear,  that  the  ratio  of  i  to  3,expreffes 
an  interval,  compounded  of  an  oftave  and  a  fifth, 
and  that  this  interval,  on  account  of  the  fimplicity  of 
the  numbers  which  reprefent  it,  mufl  be,  next  to  the 
octave,  the  moft  grateful  to  the  ear.  Muficians  ac* 
cordingly  aflign  the  fecond  rank  among  confonances 
to  the  fifth ;  and  the  ear  catches  it  fo  eafily,  that 
there  is  no  difficulty  in  tuning  a  fifth.  For  this  rea* 
fon,  in  violins,  the  four  firings  rife  by  fifths,  the 
lowefl:  being  g,  the  fecond  5,  the  third .?,  and  the 
fourth  ?  ;*  and  every  mufician  puts  them  in  tune 

:    •  That  is,  in  the  Isjugu^gc  offdt/alngfjhi,  re-lay  niif 

C3  b7 
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by  the  ear  only.  A  fifth,  however,  is  not  fo  eafily 
tuned  as  an  oftave ;  but  the  fifth  above  the  oftave, 
as  ft-om  C  to  g,  being  exprcffed  by  the  proportion  of 
1  to  3,  is  more  perceptible  than  a  fimple  fifth,  aa 
from  C  to  G,  or  from  c  to  g,  which  is  exprefled  by 
the  proportion  of  2  to  3  :  and  it  is  likewife  known 
by  experience,  that  having  fixed  the  note  C,  it  is 
eafier  to  attune  to  it  the  higher  fifth  g,  than  the 
fimple  G.  If  urAty  had  marked  the  note  F,  num-i 
ber  3  would  mark  the  notCc,  fo  that, 
F,  f,  c,  f,  I  I  f ,  would  be  marked  by 
I.  2.  3.  4.  6.  8.  12.  where,  from  f  to  c  the  inter-* 
val  is  a  fifth  in  the  relation  of  2  to  3  ;  from  ?  to  ^, 
from  f  to  =  are  alfo  fifths,  as  the  ratio  of  4  to  6,  and 
of  8  to  12,  is  the  fame  as  that  of  2  to  3.  For  if  two 
firings  perform,  in  the  fame  time,  the  one  4  vibra-s 
tions,  the  other  6,  the  former  firing  will  make,  in  a 
time  equal  to  half  the  firft  fpace  of  time,  two  vibra- 
tions, and  the  fecond,  in  the  fame  time,  will  miake 
three.  Now  the  founds  emitted  from  thefe  firings 
are  the  fame  in  both  cafes ;  of  confequence  the  re- 
'  btion  of  4  to  6  expreffes  the  fame  interval  as  that  of 
3  to  3,  that  is,  a  fifth.  Hence  we  have  arrived  at  the 
knowledge  of  another  interval  contained  in  the  ratio 
of  3  to  4,  Which  is  that  of  e  to  F,  and  confequently 
alfo  of  c  to  f,  or  of  C  to  F.  Muficians  call  it  a  fourth  ; 
and  being  exprefled  by  greater  numbers,  it  is  not  fo. 
agreeable,  by  a  great  deal,  as  the  fifth,  and  fiill  lefs  fp 
than  the  oftavc.  Number  3' having  ftirniflied  us  new 
accords  or  confonances,  namely  the  fifth  and  the 

fourth. 
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fourth,  before  we  call  in  any  others,  let  us  take  it 
again  three  times,  in  order  to  have  the  number  9, 
which  will  give  a  higher  note  than  note  3*,  or  c  one 
pftave  and  one  fifth.  Now,  c  is  the  oftavc  of ;;,  and 
g  the  fifth  of  c;  number  9  then  gives  the  note  g,  fo 
that  =   f^  1^  f^  will  be  marked  by 

6.  8.  9.  12;  and  if  thefe  notes  be  taken  in  the 
lower  odave?,  the  relations  remaining  the  feme,  we 
fliall  have ; 

C,  F,  G;    c,    f,    g;    c,     f,    g;    c,     f,    g;   c. 

6*   8,  9 ;    12;.  16.  18  ;  24.  32.  36 ;  48.  64.  72.  96. 
which  leads  us  to  the  knowledge  of  new  intervals. 

The  firft  is  that  of  F  to  G,  cpntained  in  the  ratio 
of  S  to  9,  which  muficians  call  z,fecond  or  tone.  The 
fecond  is  that  of  G  to  f,  contained  in  the  ratio  of 
9  to  16 ;  called  zfeventh^  and  which  is  one  fecoiid, 
or  one  tone  lefs  than  an  oftave.  Thefe  proportions, 
.  beijig  already  expreffed  by  very  great  numbers,  are 
not  reckoned  among  the  confonances,  and  mufician% 
call  them  dijfonances  or  difcords. 

Again,  if  we  take  three  times  the  number  9,  or 
27,  it  will  mark  a  tone  higher  than  c,  and  precifely  a 
fifth  higher  than  g ;  it  wilj  be  accordingly  the  tone 
d,  and  it's  oftave  5  will  correfpond  to  twice  the  num- 
ber 27,  or  54>  and  it's  double  odave  5  to  twice  the 

*  Great  care  mufl  be  taken  to  guard  ourfelves  from  af^xing  td 
numbers  the  idea  of  a  perfect  identity  with  the  foupds  which  they 
reprcfent.  The  firft  express  only  the  relation  of  the  number  of 
vibrations  performed  in  the  fame  time,  by  the  bodies  which  emit 
the  founds  in  queftioxi. '  There  is  no  real  analogy  between  number 
^d  found.— f.  J?«  : 

C  4  number. 
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number,  54,  or  i  o8.    Let  us  reprefent  tliefe  tones 
fome  odaves  lower,  in  the  manner  following : 
C,    D,    F,     G;     c,     d,     f,     g,      c,      3,       ?, 
24,  27,    32,  36;   48,  54,  64,   72;  96,  108,  128, 

g;       c,       d,       i\        g;       c. 
144;   192,  216,    256,    288;    384. 

Hence  we  fee,  that  the  inter\'al  from  D  to  F  is 
contained  in  the  ratio  of  27  to  32,  and  that  of  F  tod 
in  the  ratio  of  32  to  54,  the  two  terms  of  which 
are  divifible  by  2  ;  and  then  in  place  of  this  relation 
we  have  that  of  16  to  27.  The  firft  interval  is  called 
a  tierce  minor j  or  le/Jir  thirds  and  the  other  a  greater 
Jixtb.  The  number  27  might  be  ftill  farther  multi- 
plied by  3,  but  mufic  extends  not  fo  far,  and  we 
limit  ourfelves  to  number  27,  refulting  from  3,  mul- 
tiplied three  times  by  itfelf :  other  mufical  tones  ftill 
wanting  are  introduced  by  means  of  number  5,  and 
ihall  be  unfolded  in  my  next  Letter. 

3dJftf^,  2760. 


LETTER  Vn. 

Of  the  twelve  Tones  of  the  Harpjichord. 

nPHE  prcfent  futgeft  of  my  correlpondence  with 
A    your  Highnefs  is  fo  dry,  that  I  begin  to  appre- 
hend it  may  be  growing  tirefome.    That  I  may  not 
v^fle  too  much  time  on  it,  and  be  relieved  from  the 
iccdfity   of  recurring  frequently  to  a  topic  fo  dif- 

gufting. 
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gufting,  I  fend  you  by  this  conveyance  three  letters 
at  once.  My  intention,  in  undertaking  it,  was  to 
render  vifible  the  real  origin  of  mufical  notes,  with 
which  muficians  themfelvcs  are  ahnoft  totally  unac- 
quainted. It  is  not  to  theory  they  are  indebted  ibr 
the  knowledge  of  all  thefe  founds  j  but  rather  to  the 
fecret  power  of  genuine  harmony,  (grating  fo  effi- 
cacioufly  on  their  ears,  that  they  have  been  conftrain- 
ed,  if  I  may  be  allowed  to  fay  it,  to  receive  tones 
aftually  in  ufe,  though  they  are  not  hitherto  perfedly 
agreed  refpefting  their  juft  determination.  The 
principles  of  harmony  are  ultimately  reducible  to 
numbers,*  as  I  have  demonftrated ;  and  it  has  been 
remarked,  that  the  number  2  fumiflies  oftaves  only, 
fo  that  having  fixed,  for  example,  the  note  F,  we  arc 
conduced  to  the  notes  f,  -^^  f^  f  The  number  3  after- 
wards furniflies  C,  ,.  -  =  .?  which  differ  one  fifth 
from  the  preceding  feries ;  and  the  repetition  of  this 
fame  number  3,  furniflies  again  the  fifths  of  the  firft, 
namely  G,  ^^  5,  g,  | :  and  finally,  the  third  repetition 
of  this  number  3  adds  farther  the  notes  D,  j,  <r,  u,  1.  ^ 
The  principles  of  harmony  then  being  attached  'to 
fimplicity,  feem  to  forbid  our  pufliing  farther  the 

*  This  is  true  only  to  a  certain  degree;  for,  if  we  except  the 
knowledge  of  the  relation  of  notes,  or  the  numerical  exprefiion  of 
intervals,  numbers  cannot  be  introduced  into  muiic,  as  Mr.  d*  Alem« 
bert  has  jufdy  remarked,  but  as  a  piece  of  ufelefs  parade ;  and 
the  fcanty  knowledge  they  fumilh  is  far  (hort  of  the  theory  of 
compofition,  which  is  founded  on  the  pleafure  of  the  ear,  and  hi- 
therto uo  one  has  attempted  to  make  this  a  fubjedt  of  calculation. 

'     .  repetition 
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thefe  founds  only,  we  are  in  a  condition  to  compofe 
harmonies  very  agreeable  and  various,  the  beauty  of 
which  is  founded  on  the  fimplicity  alone  of  the  num- 
bers correfponding  to  the  nptes.  Finally,  upon  ap- 
plying, a  fecond  time,  the  number  5,  we  fliall  be  fur- 
niflied  with  the  thirds  of  t;he  four  new  tones,  A,  E, 
B,  Fs,  which  we  Jiave  juft  found,  we  fhall  have  the 
notes  Cs  Gs  Ds  and  B,  fo  that  now  the  oftave  is 
completed  of  the  1  a  tones  received  in  muiic.  All 
thcfe  tones  derive  their  origin  from, the  three  num- 
bers 2,  3,  and  5,  multiplying  2  by  itfelf,  as  often  29 
the  oftavcs  require ;  but  we  carry  the  multiplication 
of  3  only  to  the  third  ftage,  and  of  five  to  the  fe- 
cond. All  the  tones  of  the  firft  oftave  are  contained 
in  the  following  table,  in  which  you  will  fee  how  the 
fundamental  numbers  2,  3,  and  5,  enter  into  the 
compofition  of  thofe  which  exprefs  the  relation  of 
thefe  notes. 


utorC 

Ut  IR  Cs 

re     D 
re3K  Ds 
mi    E 
fa     F 
fai  Fs 
fol     G 
fclsGs 
la       A 
fi  b.  Bb 
fin   B^ 
Ji^t     c 


2,  2,  2,  2 

^2,  2,  2,  2 
2,  2,  2,  2 

2.  3»  3»  5 
2,  2,  2,  2 

2,  2,  2,  2 

2,  2,  3,  3 

2,  2,  2,  2 

2,  2,  2,  3 

2,  2,  2,  2 

3»  3>  3^  5 
2,  2,  2,  2 

2.  2*  2,  2 


2 

5 

3 

5 
2 

2 

3 
2 

5 

2 

5 
3 


2,  2,  3  . 

5  •  •  •  • 

3i3-  •  • 

ZyS'  ^  ^ 
2,  2,  2,  2 

5  .  .  .  . 

2.30  • 

5     •  •  • 

2,  2,  5  . 

3^5-  •  • 
2,  2,  3,  3 


384 

Difference 

400 

16 

432 

32 

45^ 

18 

4«o 

30 

512 

32 

540 

28 

576 

36 

600 

24 

640 

40 

^75 

35 

720 

45 

768 

48 

WhUe 
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While  note  C  makes  384  vibrations,  the  tone  C^ 
gives  400,  and  the  others  as  many  as  are  marked  by 
their  correfponding  numbers :  note  c  will  give  then^ 
in  the  iame  time,  double  the  number  of  vibrationi 
marked  by  384,  that  is  768.  And  for  the  following 
oftaves,  you  have  only  to  multiply  thefe  numbers 
by  2,  by  4,  or  by  8.  Accordin^y  note  ?  wiH  give 
twice  768,  or  1536  vibrations,  note  c  twice  i536r 
or  3072  vibrations,  and  note  f  twice  3072,  or  6144 
vibrations^  In  order  to  comprehend  the  formation 
of  founds,  by  means  of  thefe  numbers  2,  3,  and  5, 
it  muft  be  remarked,  that  the  points  placed  between 
the  numbers  in  the  preceding  table  fignify  that  they 
are  miiltiplied  into  each  other ;  thus,  taking  the  tone 
Fs,  for  example,  the  expreffion  2,  2,  3, 3,  3,  5,  figni-' 
•  fies  2  multiplied  by  2,  that  produd  by  3,  that  again 
by  3,  that  again  by  3,  and  that  by  5.  Now  2  by  2 
make  4,  that  by  3  make  1 2,  that  by  3  make  36,  that 
by  3  make  108,  and  that  by  5  make  540,  Hence  it 
is  feeri  that  the  differences  between  thef^  tones  are 
not  equal  among  themfelves ;  but  that  fome  are 
greater,  and  others  lefs.  This  is  what  real  harmony 
requires.  The  inequality,  however,  not  being  con, 
fiderable,  we  commonly  look  on  all  thefe  differencesi 
as  equal,  denominating  the  interval  from  one  note 
to' another,  y^;72/V^;7^;  and  thus  the  oftaye  is  divide^ 
into  1 2  femitones.  Many  modern  muficians  make 
them  equal,  though  this  be  contrary  to  the  principles 
of  harmony,  becaufe  no  one  fifth  or  third  is  perfecUy 
cxad,  and  the  efFeft  is  the  fame  as  if  thefe  tones  v^^ere 

not 
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not  perfe(My  in  tune.*  They  likewife  admit,  that 
we  muft  give  up  exadnefs  of  accord  in  order  to  ob- 
tain the  advantage  of  equality  of  femitones,  fo  that 
the  tranfpofition  from  any  one  tone  whatever  to 
another  may  in  no  refpeft  injure  the  melody.  They 
acknowled^,  however,  that  the  fame  piece  played 
in  the  tone  C,  or  a  half  tone  higher,  that  is  Cs,  muft 
confiderably  affed  it's  nature.  It  is  evident,  there- 
fore, that  in  fad.  all  femitones  are  not  equal,  what* 
ever  efforts  may  be  made  by  mitdcians  to  render  them 
fuch  I  becaufe  true  harmony  refifts  the  execution  of 
a  defign  contradictory  to  it's  nature.  Such,  then,  is 
the  real  origin  (rf  the  mufical  notes  already  in  ufe ; 
they  are  derived  from  the  numbers  2,  3,  and  5. 
Were  we  farther  to  introduce  number  7,  that  of  the 
tones  <rf  an  oftave  would  be  increafed,  and  the  art  of 
mu/ic  carried  to  a  higher  degree  of  perfeftioru  But 
bere  the  mathematician  gives  up  the  mufidan  to  the 
direcUon  of  his  ear. 

$J  Mayy  1760. 

*  The  alteration  thus  forced  upon  the  fifths,  in  order  that  every 
key  of  the  harpfichord  may  ferve  equally  for  the  higher  note  flat- 
tened^ and  for  the  lower  iharpened,  and  tfadt,  at  the  end  of  the 
fubdivifion,  the  odiaves  may  be  exa^,  is  caUed  temperament*  It 
has  been  remarked  that  fifths  may  be  a  little  weakened  widiout 
hurting  the  ear  very  much ;  whereas  greater  thirds  become  harih 
and  difagreeable  when  they  are  {lrengthened,<*-F.  E, 
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LETTER  Vm. 

Of  the  Pleafurk  derived  from  fine  Mufic. 

IT  is  a  queftion  as  important  as  curious.  Whence  ]A 
it  that  a  fine  piece  of  mufic  excites  a  fentiment 
of  pleafure  ?  The  learned  differ  on  this  fubject  Some 
pretend  that  it  is  mere  caprice,  and  that  the  pleafure 
produced  by  mufic  is  not  founded  on  reafon,  becaufe 
what  is  grateful  to  one  is  difgufting  to  anothefr 
This,  far  from  deciding  the  queflion,  renders  it  only 
more  complicated.  The  very  point  to  be  determined 
is,  How  comes  it,  that  the  fame  piece  of  muiic  pro- 
duces efFefts  fo  different,  feeing  all  admit  that  no- 
thing happens  without  reafon  ?  Others  maintain  that 
the  pleafure  derived  from  fine  mufic  coniifls  in  the 
perception  of  the  order  which  pervades  it.  This- 
opinion  appears  at  firft  fight  fufEciently  well  founded^ 
and  merits  a  more  attentive  examination.^  Mufic 
prefents  objects  of  two  kinds,  in  which  order  i§  cf- 
fential.  The  one  relates  to  the  difference  of  the  fharp 
or  flat  tones  ;  and  you  will  recolleft,  that  it  confifis 
in  the  number  of  vibrations  performed  by  each  note 
in  the  fame  time.  This  difference,  which  is  percep- 
tible between  the  quicknefs  of  the  vibrations  of  all. 
founds,  is  what  is  properly  called  harmony.  The 
effect  of  a  piece  of  mufic,  of  which  we  feel  the  rela- 
tions of  the  vibrations  of  all  the  notes  that  compoiib 
it,  is  the  production  of  harmony.  Thus  two  notes 
which  differ  an  oftave,  excite  a  perception  of  the  re- 

latioh 
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lation  of  I  to  2 ;  a  fifth,  of  that  of  2  to  3 ;  and  a 
greater  third,  of  that  of  4  to  5.  We  comprehend 
then  the  order  which  is  found  in  harmony,  when  we 
know  all  the  relations  which  pervade  the  notes  of 
which  it  is  compofed,  and  it  is  the  perception  of  the 
car  which  leads  to  this  knowledge.  This  perception 
more  or  lefs  delicate,  determines  why  the  fame  har- 
mony is  felt  by  one^  and  not  at  all  by  another,  efpe- 
cially  when  the  relations  of  the  notes  are  expreffed 
by  fomewhat  greater  numbers.  Mufic  contains,  be- 
fide  harmony,  another  objeft  equally  fufceptible  of 
order,  namely  the  meafure^  by  which  we  affign  to 
every  note  a  certain  duration :  and  the  perception 
of  the  meafure  confifts  in  the  knowledge  of  this  du- 
ration, and  of  the  relations  which  refult  from  it. 
The  drum  and  tymbal  furnlfli  the  example  of  a  mu- 
fic in  which  meafure  alone  takes  place,  as  all  the  notes 
are  equal  among  themfelves,  and  then  there  is  no 
harmony.  There  is  likewife  a  mufic  confiding  wholly 
in  harmony,  to  the  exclufion  of  meafure.  This  mu- 
fic is  the  choral^  in  which  all  the  notes  are  of  the  fame 
duration ;  but  perfeft  mufic  unites  harmony  and 
meafure.  Thus  the  connoiffeur  who  hears  a  piece 
of  mufic,  and  who  comprehends,  by  the  acute  per- 
ception of  his  ear,  all  the  proportions  on  which 
both  the  harmony  and  the  meafure  are  founded,  has 
certainly  the  moft  perfeft  knpwledge  poflible  of  that 
mufi^ ;  while  another,  who  perceives  thefe  proper-^ 
tions  only  in  part,  or  not  at  all,  underftands  nothing 
pf  the  matter,  or  poffeffes  at  mofl:  a  very  flender 
knowledge  of  it.  But  the  fentiment  of  pleafure  ex- 
cited 
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cited  by  line  mufic  muft  not  be  confounded  with  thi 
knowledge  of  which  I  have  been  ipeaking,  though 
it  may  be  confidently  affirmed,  that  a  piece  of  ipuiic 
cannot  produce  any,  unlefs  the  relations  of  it  are 
perceived.  For  this  knowledge  alone  is  not  fuffident 
to  excite  the  fentiment  of  pleafure ;  fomcthing  more 
is  wanting,  which  no  one  hitherto  has  unfolded.  In 
order  to  be  convinced  that  the  perception  alone  of 
all  the  proportions  of  a  piece  of  mufic  is  infuffident  to 
produce  pleafure,'  you  have  only  to  confider  mulic 
of  a  very  fimple  conftruftion,  fuch  as  goes  in  odaves 
alone,  in  which  the  perception  of  proportions  is  un- 
doubtedly the  caficfl;.  Such  mufic  would  be  far  from 
conveying  pleafure,  though  you  might  have  the  moft 
perfeft  knowledge  of  it.  It  will  be  laid  then  that 
pleafure  requires  a  knowledge  not  quite  fo  eafily  at- 
tained, a  knowledge  that  occafions  fome  trouble; 
which  muft,  if  I  may  ufe  the  expreffion,  coft  us  fomc- 
tliing.  But,  in  my  opinion,  neither  is  this  afatisfac- 
tory  folution.  A  diffonance,  the  relations  of  wliich 
are  expreiled  by  the  highcft  numbers,  is  caught  with 
more  difficulty;  a  ferics  of  diflbnances,  however, 
following  without  choice,  and  without  defign,  can- 
not pleafe.  The  compofer  muft  therefore  have  pur- 
lued  in  his  work,  a  certain  plan,  executed  in  real  and 
perceptible  proportions.  Then  a  connoiffeur  on  hear- 
ing fuch  a  piece,  and  comprehending,  befide  the  pro* 
portions,  the  very  plan  and  defign  which  the  comi* 
pofer  had  in  view,  will  feel  that  fatisfaclion  which 
conftitutes  tlie  pleafure  procured  by  exquifite  mufic 
^  an  ear  accuftomed  to  relilh  the  beauties  and  dell- 
cades 
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tacles  of  that  enchanting  art.  It  arifes,  then,  from 
divining  in  fome  meafure  the  views  and  feelings  of 
the  compbfef ,  whofe  execution,  when  fortunate,  fills 
the  foul  with  an  agreeable  feniation.  It  is  a  ^itisfao- 
tion  fonniewhat  fimilar  to  that  which  is  derived  from 
the  fight  of  a  well  a&ed  pantomime,  in  which  you 
inay  conjecture,  by  the  gefture  and  aftion,  the  fenti*- 
ments  and  dialogue  intended  to  be  exprefied,  and 
which  prefents  befides  a  well  digefted  plan.  The 
enigma  of  the  chinmey^fwecper,*  which  was  fo  di- 
verting to  your  Highnefs,  furniflies  me  with  another 
excellent  comparifbn.  When  you  can  guefs^the 
fenfe,  and  difcover  that  it  is  pcrfedly  exprefled  in 
the  propofition  of  the  enigma,  you  fed  a  very  fen- 
fible  pleafure  on  making  the  difcovery  5  but  infipid 
and  incongruous  enigmas  produce  none.  Such  are, 
if  I  may  be  permitted  to  jxidge,  the  true  principles 
on  which  decifions  refpefting  the  excellency  of  mu- 
fical  comppfitions  are  founded. 

6M  Maj^9  1760. 
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LETTER      IX. 

Comprejfton  of  the  Air. 

npHE  explanation  of  found,  which  I  have  had  the 
.  -*-  honour  to  prefent  to  your  Highnefs,  leads  me 
forward  to  a  more  particular  confideratipn  of  air, 
which,  being  fufceptible  of  a  movement  of  vibration, 

•  A  celebrated  enigma  of  La  Mothe^  publifhed  in  bis  fugitive 
pieces. 

'    Voii.  L  D  fuch 
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fucli  ail  that  by  wliicli  mufical  fcrings,  bells,  and  other 
loiiorous  bodies  arc  agitated,  iranfiiiits  the  concuilion 
to  our  cars.  It  vvili  be  iiiuncdiately  alkcd.  What  is 
air  i  I'or  it  does  not  appear,  at  firft  %ht,  to  be  a  ma- 
teri;Ll  fubftancc.  As  we  perceive  no  fcnfibl^  body  in 
it,  I'urrounding  fpacc  fecms  to  contain  no  matter 
whatever.  Wc  feel  nothing;  we  can  walk,  and 
move  every  limb  in  it,  without  meeting  the  flighted; 
obftatlc.  But  you  liavc  only  to  move  your  hand 
brilkly,  to  be  fenfible  of  fome  reliftance,  and  even  to 
perceive  a  ftream  of  wind  excited  by  that  rapid 
movement*  Now  tlic  wind  is  nothing  elfe  but  air 
put  in  motion ;  and  feeing  it  is  capable  of  producing 
tllc'cls  fo  I'urprifing,  how  is  it  pofliblc  to  doubt  that 
air  is  a  material  fubftance,  and  confequcntly  a  body?* 
I'br  the  terms  body  and  matter  are  fynonymous. 

Body  is  divided  into  two  great  clafles,  folid  and 
fluid.  The  air,  it  is  evident,  mufl:  be  referred  to  the 
cLifs  of  fluids.  It  lias  fevcral  properties  in  common 
with  water ;  but  it  is  mucli  more  fubtile  and  fine- 
ly xpcriments  have  afcertained  that  air  is  about  800 
times  more  fubtile  and  more  rarefied  than  water ; 

• 

•  It  18  an  erroneous  principle  that  the  air  is  diftingiiifhed  from 

other  fluids  by  it^s  fulceptibility  of  compreifion.     All  fluids  are 

perfedfcly  cjaflic,  only  the  force  rc(|uired  to  produce  a  certain  dc' 

ppt  «f  eompreflion  diflers  very  widely  in  each.    'J'hus  the  fame 

:c  which  caufcs  water  to  fulTor  a  contraction  of  only  the  thirty 

Uflindth  part  of  it's  bulk,  condenfcs  air  into  one  half.    The 

10  dillinftion  between  the  aeriform  and  liquid  fluids  feems  tobe^. 

9f^  the  reaiftion  of  the  former  is  proportional  to  thdr  denfltj. 

^lyhilc  that  of-  the  latter  is  proportional  to  the  quantity  of  com- 

preflion*— £•  E. 
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and  that  if  air  were  to  be  rendered  800  times  denfer 
than  it  is,  it  would  have  the  fame  confiftency  as  the 
other  fluid.  A  principal  property  of  air,  by  which 
it  is  diftinguiflied  from  other  fluids,  is  it's  quality  of 
being  comprefled,  or  reduced  into  a  finaller  fpace. 
This  is  demonflxated  by  the  following  experiment. 
Take  a  tube  of  metal  or  glafs  A  B  C  D  (plate  I'Jig* 
2.)  clofe  fliut  at  the  end  A  B,  and  open  at  the  other, 
into  which  is  introduced  a  pifl:on,  filling  exactly  the 
cavity  of  the  tube.  On  pufliing  the  pifl:on  inwards, 
when  it  has  arrived  at  the  middle  E,  the  air  which 
occupied  at  firft  the  cavity  A  B  C  D  will  be  reduced 
one  half,  and  confequently  will  have  become  twice 
as  denfe.  If  the  pifl:on  is  puflied  ftill  farther  in,  as 
far  as  F,  half  way  between  B  and  E,  the  air  will  be 
reduced  <p  a  fpace  four  times  finaller  than  at  firft ;  and 
if  you  continue  to  drive  forward  the  pifton  to  G,  fo 
that  B  G  fliall  be  the  half  of  B  F,  or  the  eighth  part 
of  the  whole  length  B  D,  the  fame  air  which  in  the 
b^inning  was  expanded  over  the  whole  cavity  of 
the  tube,  will  be  contracted  to  a  fpace  eight  times 
fmaller^  Going  on  in  the  fame  manner  to  contraft 
it  into  a  fpace  800  times  fmallei,  you  will  obtain  an 
air  8  DO  times  denfer  than  ordinary  air.  It  would  then 
be  as  denfe  as  water,  which  it  would  be  eafy  to  prove 
by  other  experiments.  Hence  it  appears,  that  air  is 
a  fluid  fubflance,  capable  of  compreffion,  or,  in  other 
words,  of  being  reduced  to  a  fmaller  fpace,  and  in 
tfiis  rcfpeft  it  differs  entirely  from  water.  For,  let 
the  tube  A  B  C  D  be  filled  with  this  laft  fluid,  and 
attempt  to  introduce  the  pifton,  you  will  find  it  im- 
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pofliblc  to  drive  it  forward.  Employ  what  force 
you  may,  you  will  gain  nothing ;  the  tube  will  burft 
fooncr  than  you  can  reduce  the  water  to  a  fpace  fen- 
libly  fmallcr.  This  then  is  the  efl'cntial  difference 
between  air  and  water :  the  latter  is  fufceptible  of  no 
compreflion,  but  air  may  be  compreffed  to  any  de- 
gree you  pleafe.  The  more  the  air  is  comprefled, 
the  denfer  it  becomes ;  thus  the  air  which  occupied 
a  certain  fpace,  when  compreffed  or  reduced  to  half 
that  fpace,  becomes  twice  as  dcnfe ;  if  reduced  to  a 
fpace  10  times  fmaller,  it  is  rendered  10  times  more 
dcnfc  ;  and  fo  on.  I  have  already  remarked,  that 
could  it  be  rendered  800  times  more  denfe,  it  would 
then  be  as  denfe  as  water,  and  confecpently  as  heavy, 
for  weight  incrcafes  in  the  fame  proportion  as  den- 
lity.  Gold,  the  heavieft  fubftance  with  which  we 
arc  acquainted,  is  likewife  the  moft  dcnfe.  It  is 
found  by  experiment  to  be  1 9  times  heavier  than 
water ;  and  that  a  mafs  of  gold,  in  form  of  a  cube 
of  one  foot,  would  weigh  1 9  times  a  mafs  of  water 
of  the  fame  dimenfions.  Now  fuch  a  mafs  of  water 
weighs  70  pounds ;  the  mafs  of  gold  therefore  would 
weigh  19  times  70,  that  is  1330  pounds.  It  follows 
that  were  it  poflible  to  comprefs  air  till  it  were  re- 
'  duccd  to  a  fpace  19  times  800,  that  is,  15,200  times 
fmaller,  it  would  become  as  denfe  and  as  weighty  as 
gold. 

But  it  is  very  far  from  being  pofSble  to  carry  the 
compreiCon  of  air  to  that  degree.  You  may  at  firfk 
without  dijEculty  drive  forward  the  piflon,  but  the 
£irther  you  advance,  the  refiftance  becomes  more 

powerful } 
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powerful  J  and,  before  you  are  able  to  reduce  the  air 
to  a  fpace  i  o  times  fmaller,  fuch  a  force  mull  be  em- 
ployed as  would  burft  the  tube,  unlefs  it  were  of  un- 
common ftrength.  And  not  only  would  fuch  a  force 
be  neceflary  to  drive  the  pifton  farther,  but  an  equal 
force  would  be  requifite  to  keep  it  in  that  ftate,  for 
on  the  flighteft  relaxation  of  the  power,  the  com- 
preffed  air  would  drive  it  backward.  The  more 
compreffed  the  air  is,  the  more  violent  are  it's  eflforts 
to  expand,  and  to  recover  it's  natural  ftate.  This  is 
what  we  call  the  fpring  or  elafticity  of  the  air,  of 
which  I  propofe  to  treat  in  my  next  letter. 

# 

LETTER  X, 

RarefaSlion  and  Elajiicity  of  the  Air. 

I  HAVE  remarked,  that  air  is  a  fluid,  about  800 
times  more  fubtile  than  water;  fo  that  could 
water,  without  being  reduced  to  vapour,  be  expand- 
ed over  a  fpace  fq  many  times  greater,  and  could  be- 
come of  confequence  fo  many  times  more  fubtile,  it 
would  be  of  a  fimilar  confiftence  with  the  air  which 
we  breathe.  But  air  h^is  a  property  which  water  has 
not,  that  of  fiiflfering  compreflion  into  a  fmaller  fpace, 
and  of  being  proportionably  condenfed,  as  I  demon- 
ilrated  in  the  preceding  letter.  And  we  difcover  in 
^r  another  property  no  lefs  remarkable :  it  is  capable 
ef  bein^  ex|^nded  over  a  greater  fpace,  and  thus 
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rendered  ftill  more  fubtile.    This  operation  is  called 
the  rarefeftion  of  air. 

You  have  only  to  take,  as  before,  a  tube  A  B  C  D, 
(plate  L  Jig.  3.)  at  the  bottom  of  which  A  C,  let 
there  be  a  fmall  aperture  O,  fo  that,  on  introducing 
the  pifton  as  far  as  to  F,  the  air  may  efcape  by  that 
aperture  without  being  condenfed.  The  air  which 
now  occupies  the  cavity  A  C  E  F,  will  then  be  in  it's 
natural  ftate ;  let  the  aperture  O  be  dofdy  flopped* 
On  drawing  back  the  pifton,  the  air  will  gradually 
expand  through  the  greater  fpace,  fo  that  when  the 
pifton  is  brought  back  to  the  point  G,  the  fpace 
C  G  being  double  the  fpace  C  F,  the  fame  air  which 
was  contained  in  the  fpace  A  C  E  F,  will  fill  a  fpace 
twice  as  great ;  it  will  be  of  courfc  only  half  as  denfe, 
or,  which  is  the  fame  thing,  twice  as  rare.  If  you  draw 
back  the  pifton  to  the  point  H,  the  fpace  C  H  being 
four  times  as  great  as  the  fpace  C  F,the  air  will  become 
four  times  as  rare  as  it  was  at  firft,  as  it  is  then  ex- 
panded over  a  fpace  four  times  as  great.  And  could 
the  pifton  be  drawn  back  till  the  fpace  became  1 000 
times  as  great,  the  air  would  ftill  equally  expand 
through  that  fpace,  and  confequently  become  1 000 
times  as  rare.  Here  then,  likewife,  air  differs  efien* 
tiaBy  from  water :  for  if  the  cavity  A  C  E  F  were 
filled  with  water,  to  no  purpofe  would  you  draw 
back  the  piftpn ;  the  water  would  continue  to  oc« 
Cttpy  the  &me  fpace  as  at  firft,  and  the  reft  would 
remain  empty.  Hence  we  fee  that  the  air  poffeffea 
an  intrinfic  power  of  expanding  itfelf  more  and 
more,  which  it  exerts  not  only  when  it  is  condenfedi 

but 
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but  alfo  when  rarefied.  In  whatever  ftate  of  con- 
denfation  or  rarefadion  the  air  may  be,  it  makes 
unremitting  efforts  to  extend  itfelf  over  a  larger 
ipace,  and  is  continually  expanding  fo  long  as  it 
meets  no  obftade.  This  property  is  called  the  elat 
ticity  of  air ;  and  it  has  been  demonftrated  by  expe- 
riments which  I  fhall  prefently  defcribe,  that  this 
elaftic  power  is  in  proportion  to  the  denfity  j  in  other 
words,  the  more  the  air  is  condenfed  the  greater  arc 
it^s  eflforts  to  expand  itfelf ;  and  the  more  rarefied  it 
is,  the  feebler  are  thofe  efforts.  It  will  be  demanded, 
perhaps,  why  the  air  now  in  my  chamber  does  not 
make  it's  efcape  by  the  door;  being  endowed  with  an 
expanfibility  continually  impelling  it  to  occupy  a 
greater  fpace  ?  The  anfwer  is  obvious.  This  would 
infallibly  happen,  did  not  the  external  air  make  equal 
efforts  to  extend  itfelf;  but  the  efforts  of  the  air  of 
the  chamber  to  get  out,  and  that  of  the  external  air 
to  prefs  in,  being  equal,  they  balance  each  other,  and 
remain  in  a  ftate  of  reft.  Had  the  external  air  acci- 
dentally acquired  a  greater  degree  of  denfity,  that  is, 
more  elafticity,  it  would  in  part  force  it's  way  into 
the  chamber,  where  the  air  being  compreffed,  would 
Kkewife  acquire  a  greater  degree  of  elafticity ;  this 
current  would  accordingly  laft  till  the  elafticity  of 
the  internal  became  equal  to  that  of  the  external  ain 
And  fliould  the  air  of  the  chamber  fuddenly  become 
more  denfe,  and  it*s  elafticity  greater  than  that  of 
the  external  air,  it  would  force  it's  way  out,  and  it's 
denfity  gradually  diminifliing,  it's  elafticity  too  would 
diminilh,  till  it  became  equal  to  the  external  air  j 
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the  current  would  then  ceafe,  and  the  air  in  the 
chamber  would  be  in  equilibrium  with  the  external 
Free  air,  then,  is  in  a  ftate  of  reft  only  when  it  has 
the  fame  degree  of  elafticity  with  that  which  iur- 
rounds  it ;  and  as  foon  as  that  of  the  one  tra^fc  be- 
comes more  or  lefs  elaftic  than  the  adjoining,  the 
equilibrium  can  no  longer  fubiift  ;''but  if  the  elafti- 
city  is  greater,  the  air  will  expand  itfelf  and  Aide 
into  fpaccs  where  it  is  fmaller :  and  from  this  mo« 
tion  of  the  air  refults  the  wind.*  Hence  it  comes 
to  pais  that  the  elafticity  of  the  air  is  fometimes 
greater,  fometimes  Icfs  in  the  fame  place ;  and  this 
variation  is  indicated  by  the  barometer^  the  defcrip? 
tion  of  which  merits  a  particular  confideration.  I 
confine  myfelf,  at  prefent,  to  thcfe  qualities  of  air, 
it's  condenfation  and  rarefadtion,  intreating  you  to 
recolleft,  that  the  more  condenfed  it  is,  the  greater 
power  of  expanfion  or  elafticity  it  acquires ;  and  that 
on  the  contrary,  the  more  it  is  rarefied,  the  more 
this  quality  is  diminiihed.  Experimental  philofo« 
phers  have  invented  one  machine  for  rarefying  of 
air,  and  another  for  condenfing  it :  the  former  is 
called  the  air-pump,  the  latter  the  condenfer.  Thefe 
machines  ferve  to  perform  many  curious  experi- 
ments, with  which  you  are  already  well  acquainted. 
I  referye  to  myfelf,  hpweyer,  the  Jiberty  of  recapitu- 

*  The  adion  of  the  moon  up<>n  the  atmofphere,  and  the  mo- 
tion of  the  earth's  rotalion  likewife  produce  regular  winds.  Chains 
of  mountains  fometimes  change  the  diredion  of  winds.    Hence 
"■ve  fee  that  the  known  caule  of  currents  of  air  are  of  three  kinds, 
iilar.  accidental,  and  local.^— jF.  £• 

lating 
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kting  fome  of  them,  beca^re  they  are  neceflkry  to 
elucidate  and  explain  the  njiture  and  properties  of 
air,  which,  as  they  powerfully  contribute  tq  the  pre- 
fervation  of  animals,  and  the  produftion  of  plants, 
vprefe  upon  us  the  importance  of  forming  *  juft  ide» 
of  them. 

I /^h  May 9  1760. 


J.  E  T  T  E   R     XL 

Gravity  of  the  Air. 

I  HAVE  endeavoured  to  demonftrate,  that  the  air 
is  a  fluid,  endowed  with  the  particular  property 
of  fuflFering  compreffion  into  a  fmaller  fpace,  and  of 
expanding  into  a  greater,  when  no  obftade  inter- 
pofes.  This  property  of  air,  known  by  the  name 
of  fpring,  or  elafticity,  from  it*s  refemblance  to  a 
fpring,  which  it  requires  an  effort  to  unbend,  and 
which  refunies  it's  form  as  foon  as  the  eflFort  ceafes, 
is  accompanied  by  another,  in  common  to  it  with  all 
bodies  in  general,  namely,  gravity  or  weight,  in  vir- 
tue of  which  all  bodies  tend  toward  the  centre  of 
the  earth,  and  by  which  they  are  under  the  necelfity 
of  falling  down,  unlefe  fupported.  The  learned  arc 
very  much  divided,  and  very  imcertain,  refpefting 
the  primary  and  mechanical  caufe  of  this  power,  but 
it*s  exiflence  is  indubitable.*  Daily  experience  evinces 

•  The  properties  of  matter  muft  ultimately  be  referred  to  the 
jiirbitrarjr  apj)ointracnt  of  the  Author  of  Nature,    There  arc  cer- 

tal« 
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it.  We  know  even  the  quantity  of  it,  and  can  mca- 
fure  it  exactly.  For  the  weight  of  a  body  is  notlung 
clfe  but  the  power  wliich  conftrains  it  to  defcend ; 
and  as  the  weight  of  every  body  may  be  exacdy 
meafured,  we  know  perfectly  well  the  effect  of  gni/- 
vity,  though  the  caufe,  or  that  invifible  power  which 
acts  upon  all  bodies,  forcing  them  to  defcend,  may 
be  abfolutcly  unknown  to  us.  It  follows,  that  the 
more  matter  any  body  contains,  the  heavier  it  is. 
Gold  and  lead  are  heavier  than  wood  or  a  feather, 
as  they  contain  more  matter  in  the  fame  bulk,  or  in 
the  fame  extent.  But  as  air  is  a  very  fubtile  and  thin 
fubftancc,  and  it's  gravity  of  confequence  very  little, 
this  property  ufualiy  efcapes  our  fenfes.  Experi- 
ments, however,  may  be  made,  capable  of  producing 
full  conviction  that  it  poffellbs  gravity.  You  have 
feen  how  the  air  may  be  rarefied  in  a  vcUcl  or  a  tube ; 
and  by  means  of  the  air-pump,  tliii  rarefaction  may 
be  carried  fo  faur,  as  almoft  entirely  to  exhauft  the 
air,  and  to  leave  the  receiver  fcnfiblv  a  vacuum.  Or 
you  may  take  a  tube  A  B  C  D,  (plate  l.fg.  4.  J  into 
which  you  introduce  the  pifton,  fo  as  perfectly  to 
touch  the  bottom,  and  to  leave  no  air  between  the 
W0  fiir£au:es«  To  perform  the  experiment  with 
)K  advantage,  let  there  be  at  the  bottom  of  the 

I  principles  at  which  the  prudent  philofopher  will  cboofe  to 

h  Ml  by  puihxng  his  refcarchcs  too  far,  he  involve  himielf  in 

terobCcority.     Thofe  who  aitemptcd  to  account  for  gravity 

dBcchftnical  iropulfe,  commitrevl  an  cgrepousoveiii^ht ;  for  tho 

^  fiill  recurs.  What  produces  this  iinpulfe :  Xo  mctaphy- 

\9S  ever  done  To  much  fcn-icc  to  philolcpliy  :is  Mr« 

liable  eflay  on  *^  NccclTarj  Connexion. ''-.-i\  7: . 

tube 
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tube  a  litde  aperture  G,  through  which  the  air  may 
efcape,  as  the  pifton  is  puflied  forward.  Let  the 
aperture  then  be  clofely  flopped,  that  not  a  partide 
of  air  may  be  included  between  the  pifton  and  the 
bottom  of  the  tube.  Having  made  this  arrangement, 
draw  back  the  pifton,  and  the  external  air  not  being 
able  to  force  it's  way  into  the  tube,  there  will  remain 
between  the  bottom  of  the  tube  and  the  pifton,  a 
perfeft  vacuum,  which  may  be  increafed  at  pleafure, 
by  continuing  to  draw  back  the  pifton.  You  may 
thus  exclude  the  air  contained  in  a  vefTd ;  and  fuch 
veflel,  reduced  to  a  vacuum,  being  tried  in  accurate 
fcales,  will  be  found  to  weigh  lefs  than  when  filled 
with  air.  Hence  we  deduce  this  very  important  con- 
dufion.  That  the  air  contained  in  an  empty  veffd 
increafes  it*s  weight,  and  that  the  air  itfelf  poffeflea 
gravity.  Were  the  vefTel  large  enough  to  contain 
800  pounds  weight  of  water,  we  might  difcover  by 
this  experiment,  that  the  body  of  air  which  fills  it 
would  weigh  nearly  one  pound.  Hence  we  condude, 
that  air  is  800  times  lighter  than  water.  I  muft  be 
underftood  as  fpeaking  of  the  common  air  which 
furrounds  us,  and  which  we  breathe ;  for  you  know 
that  with  the  aflMfamce  of  art,  air  may  be  compreffed 
by  forcing  it  into  a  fmaller  fpace,  and  it*s  gravity 
thereby  increafed.  Were  the  veflel  which  I  have 
mentioned,  to  be  filled  with  air  comprefled  to  twice 
the  confiftency  of  common  air,  it  would  weigh  two 
pounds  more  than  when  empty.  Were  it  filled  with 
air  800  times  more  comprefled  than  common  air,  it 
would  weigh  800  pounds  more  than  when  empty, 

that 
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LETTER  Xn. 

Of  the  Atmofphere^  and  the  Barometer. 

HAVING  demonftrated  that  air  is  a  fluid,  daftic, 
and  poffeffed  of  gravity,  I  proceed  to  remark, 
that  the  earth  is  furrounded  on  all  fides  by  this  fluid, 
and  that  the  fpace  which  it  fills  is  called  the  atmo- 
fphere.  It  would  be  abfolutely  impoflible  for  a  per- 
feft  vacuum  to  exifl:  on  any  part  of  the  earth's  fur- 
face  ;  for  the  air  of  the  adjoining  regions,  comprefled 
by  the  weight  of  the  fuperior  air,  and  making  in- 
ceffant  efibrts  to  dilate,  would  force  itfelf  into  the 
empty  fpace  and  fill  it.  The  atmofphere,  therefore, 
occupies  the  whole  region  which  furrounds  the 
earth ;  the  inferior  air  is  continually  comprefled  by 
the  weight  of  the  fuperior  air,  and  that  until  the  de- 
gree of  dafticity  which  refults  from  this  compreflion, 
is  able  to  form  an  equilibrium  to  the  comprefling 
power.  Then,  although  this  air  is  comprefled  only 
in  a  downward  direftion,  it  produces,  in  virtue  of 
it's  dafticity,  efforts  to  expand  itfelf  not  only  down- 
wards, but  fideways  alfo.  For  this  reafon,  the  air 
»in  a  chamber  is  as  much  comprefled  as  the  external, 
which  appeared  a  paradox  to  certain  philofophers. 
For  they  reafoned  thus :  In  a  chamber,  the  inferior 
air  is  comprefled  only  by  the  fmall  quantity  of  fupe- 
rior air  included  in  that  chamber,  whereas  the  ex- 
ternal air  is  comprefled  by  the  weight  of  the  whole 
atmofphere,  the  hdght  of  which  is  immenfe*    But 
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the  difficulty  is  at  once  removed,  by  the  property 
which  air  poffeffes,  of  expanding  itfelf  when  com- 
preffed  in  all  directions.  Now  the  air  in  the  cham- 
ber is  at  firft  reduced,  by  the  external  air,  to  the 
£ime  degree  of  conipreffion  and  elafticity  with  itfelf  j 
hence,  whether  I  am  in  my  chamber,  or  in  the  open 
air,  I  feel  the  lame  compreffion  ;  being  always  under* 
flood,  that  I  mean  at  the  £ime  height,  or  at  the  fame 
diftance  from  the  centre  of  the  earth.  For  I  have 
already  remarked,  that  on  getting  to  the  fummit  of 
a  high  tov/er,  or  of  a  lofty  mountain,  the  compref- 
fion of  the  air  is  lefs,  becaufc  the  weight  of  the  fupe- 
rior  air  is  then  diminiflied.  Various  phenomena  con- 
firm this  ftate  of  the  compreffion  of  the  air. 

Take,  for  inftance,  (plate  I'Jig^  5.)  a  tube  A  B,  dofe 
at  the  end  -A,  and  having  filled  it  with  water,  or  any 
other  fluid,  invert  it,  fo  that  the  open  end  B  may  be 
Tindermoft,  and  you  will  find  tliat  the  fluid  does  not 
run  out.  The  elafticity  of  the  air  acting  at  B,  in 
oppofition  to  the  fluid,  fupports  it  in  the  tube.  But 
if  you  make  an  aperture  into  the  tube  at  A,  the  fluid 
immediately  defcends :  the  air  which  is  admitted  by 
the  aperture  acts  then  from  above,  by  it's  preflure 
upon  the  water,  and  forces  it  downward ;  which  de- 
monflrates,  that  while  the  tube  was  dofe  at  top,  it 
was  the  external  air  which  fupported  the  water  in  it. 
And  were  fuch  a  tube  to  be  placed  in  a  receiver, 
from  which  the  air  was  extracted  by  the  air-pump^ 
the  fluid  would  inftantly  defcend.  The  andents,  to 
'"'^om  this  property  of  air  was  unknown,  alleged^ 
Qature  fupported  the  water  ij^l  the  tube,  from 
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the  horror  which  it  has  of  a  vacuum*  For,  faid 
they,  were  the  fluid  to  defcend,  there  muft  be  a  va- 
cuum at  the  upper  end  of  the  tube,  as  the  air  could 
find  no  admiflion  into  it.  According  to  tliem^  there- 
fore, it  was  the  horror  of  a  vacuum  which  kept  the 
fluid  fufpended  in  the  tube.  It  is  now  demonftrated, 
that  it  is  the  force  of  the  air  which  fupports  the 
weight  of  the  fluid  in  the  tube ;  and  as  this  force 
has  a  determinate  quantity,  the  effect  cannot  exceed 
a  certain  limit. 

It  is  found  by  experiment,  that  if  the  tube-A  Bis 
more  than  33  feet  in  length,  water  will  no  longer 
remain  fufpended  in  it,  but  will  run  out  till  it  comes 
to  the  height  of  33  feet ;  the  fpace  left  a-top  will,  of 
courfe,  be  a  real  vacuum.  The  force  of  the  air  then 
cannot  fupport  water  in  the  tube  at  more  than  the 
height  of  33  feet;  and  as  the  fame  force  fupports 
the  whole  atmoiphere,  it  is  concluded,  that  a  column 
of  the  atmofphere  is  of  equal  weight,  the  bafis  being 
equal  with  a  column  of  water  33  feet  high.  If,  in- 
ftead  of  water,  you  were  to  ufe  mercury,  which  is 
.14  times  heavier,  the  forcQ  of  the  air  cpuld  fupport 
it  in  the  tube  at  the  height  of  only  2  8  inches ;  and 
if  you  go  beyond  that,  the  mercury  defcends,  till  it's 
height  correfponds  to  the  preffure  of  the  atmofphere, 
leaving  the  fpace  a-top  in  the  tube  a  vacuum.  Such 
a  tube  clofe  above,  and  open  below,  being  filled  with 
mercury,  forms  the  inftrument  called  the  Barometer y 
by  means  of  which  it  has  been  difcovered,  that  the 
atmofphere  is  not  always  of  equal  gravity.  For  it^s 
Xfsal  gravity  is  afcertained  by  the  barometer,  from  the 
.>   .  heiorht 
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height  o£  the  mercury,  which,  as  it  rif/s  or  falls,  iil^ 
dicates  that  the  denfity  of  the  air,  or  the  preflure  of 
the  atmofphere,  is  increaiing  of  diminiihing. 

zoih  May,  176a. 


LETTER  Xni. 

Of  Wind'Guns,  and  the  Comprejfion  of  Air  in  Gun^ 

Powder. 

HAVING  explained  that  remarkable  property  of 
air  which  is  denominated  compreffibility,  by 
means  of  which  it  is  reducible  into  a  fmaller  fpacc, 
we  are  enabled  to  ^vc  an  account  of  feveral  produc- 
tions of  both  nature  and  art.  I  fliall  begin  with  an 
explanation  of  the  wind-gun,  though  I  have  no  doubt 
but  you  are  well  acquainted  with  that  inftrument* 
It*s  conftruftion  is  fimilar  to  that  of  the  common 
fufil ;  but  inftead  of  powder,  we  employ  condenfed 
air  to  difcharge  the  bullet. 

In  order  to  comprehend  the  proceft  of  this  opera- 
tion, it  muft  be  obferved,  that  air  can  be  compreffed 
only  by  a  force  proportional  to  the  degree  of  con- 
den&tion  which  you  wifli  to  obtain  ;  in  this  ftate,  it 
firives  to  extend  itfelf,  and  the  efforts  which  it  makes 
are  precifely  equal  to  the  force  neceflary  to  reduce 
it  to  the  fize  which  it  a6hially  occupies.    The  more, 
then^  that  the  air  is  condenfed,  the  more  violent  arc 
Sorts  to  dilate ;  and  if  the  air  is  raifed  to  a  den- 
•^  as  great  as  when  it  is  free,  which  is  the 

ca& 


••       OF  WIND-GUNS,  &C.  49 

cafe  when  we  reduce  it  to  half  the  fpace  which  it 
occupies  in  it*s  natural  ftate,  the  force  with  which 
it  endeavours  to  expand  is  equal  to  the  preffure  of  a 
column  of  water  33  feet  high.  Figure  to  yourfelf 
a  great  cafk  of  this  lieight,  filled  with  water ;  this 
fluid  will,  undoubtedly,  make  a  ftrong  preffure  on 
the  bottom  of  the  veffel.  If  you  make  a  hole  in  it 
near  the  bottom,  the  water  will  force  itfelf  out  with 
confiderable  violence :  and  on  flopping  the  aperture 
with  your  finger,  you  will  be  abundantly  fenfible  of 
this  preffure  of  the  water.  The  bottom  of  the  cafk 
fuflains  throughout  a  fimilar  preffure.  Now  a  vef- 
fel containing  air  twice  as  denfe  as  that  of  the  atmo- 
fphere,  mufl  undergo  precifely  fuch  a  preffure,  and 
if  it  were  not  fulEciently  flrong  to  fuflain  it,  would 
burfl.  The  fides,  then,  of  this  veffel  mufl  be  as  flrong 
as  the  bottom  of  the  calk  I  haye  mentioned.  If  in 
the  fame  veffel  the  air  w^re  three  times  as  denfe  as 
common  air,  the  force  with  which  it  would  aft  upon 
the  fides  mufl  be  increafed  in  the  proportion  of  one 
more,  and  would  be  the  fame  which  is  fuflained  by 

the  bottom  of  a  cafk  full  of  water,  of  66  feet  in 

• 

heights  You  will  eafily  conceive  that  this  force  mufl 
be  very  great,  and  that  it  mufl  go  on  increafing  in 
the  fame  ratio,  according  to  the  different  degrees  of 
condenfiition  of  the  air.  This  being  laid  down, 
there  is,  at  the  bottom  of  the  air-giin,  a  cavity 
ftrongly  fortified  on  all  fides,  into  which  the  air  is 
.  more  and  more  compreffed,  in  order  to  reduce  it  to 
as  hi^  a  degree  of  denfity  as  the  force  employed  for 
.    YOJL,  I.  E  that 
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that  purpofe  can  admit.  The  air  confined  in  this 
cavity  will  thereby  acquire  a  prodigious  power  to 
force  itfelf  out :  and  if  an  aperture  is  made^  it  will 
fly  off  with  a  velocity  proportional  to  that  power* 
Now  there  is  fuch  an  aperture  which  terminates  in 
tlie  cavity  of  the  tube  into  which  the  ball  is  put. 
It  is  clofely  flopped ;  but  when  you  wilh  to  difcharge 
the  piece,  you  open,  for  an  inftant,  the  valve  which 
ihuts  it ;  and  the  air  rufhing  forth,  forces  out  the 
ball  with  all  the  velocity  which  we  remark  in  {hoot- 
ing. Every  time  you  difcharge,  the  valve  is  kept 
open  only  a  iingle  moment ;  a  certain  quantity  of 
air,  therefore,  and  no  more,  can  efcape,  and  enough 
ftill  will  remain  for  feveral  Ihot.  But  on  difcharge^ 
it's  denfity  and  correfponding  dafticity  diminiih; 
and  for  this  reafon,  the  latter  difcharges  are  lefs  for* 
cible  than  the  former,  till  the  force  is  at  length  en- 
tirely exhaufted.  Were  the  valve  to  remain  open 
any  coniiderable  time,  more  air  would  make  it's 
efcape,  which  would  all  go  to  wafte ;  for  this  force 
acls  upon  the  ball  only  while  it  is  in  the  barrel  of 
the  gun ;  as  foon  as  it  is  fhot  oflF,  it  is  ufelefs  to  leave 
a  paflage  for  the  air.  Hence  it  appears,  that  were  it 
poffible  to  carry  the  condenfation  of  this  fluid  a  great 
deal  farther,  you  will  produce  from  the  wind-gun 
the  iame  efFeds  as  from  the  guns  and  cannons  in 


common  ufe. 


The  effect  of  artillery  is  accordingly  founded  on 
the  fame  principle.  Gunpowder  is  only  a  fubftance^ 
which  contains  in  it*s  pores  an  air  extremely  con* 

denied. 
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denied.*  Nature  produces  here  the  fame  operations 
which  we  employ  for  compreffing  the  air,  but  carries 
the  condenfation  to  a  much  higher  degree.  All  th^t 
is  ncceflary.  is  to  open  the  little  cavities  in  which  this 
denfe  air'  is  confined,  that  it  may  have  liberty  to 

efckpe.     This  is  performed  by  means  of  fire,  which 

» 

*  Recent  experiments  have  foniewhat  corTed:ed  this  explanation* 
Gunpowder,  it  is  well  known,  is  a  compoiition  of  fulphur,  nitre 
and  charcoal.  In  the  detonation  of  this  fubftance,  the  heat  puts 
the  fulphur  and  charcoal  in  a  condition  to  diflblve  the  acid  of  the 
nitre,  and  to  take  from  it  the  dephlogifUc  air  which  enters  into  it's 
compoiition.  The  atmofpheric  mephites,  which  is  another  prin- 
ciple of  this  acid,  finding  itfelf  thereby  difengaged,  begins  to  ex- 
pand, and  forms  a  firfl  etaftic  permanent  fluid.  The  firing  of  the 
charcoal  produces  fixed  air,  which  is  a  fecond  elaftic  permanent 
fluid.  That  of  the  fulphur  produces  the  yitriolic  acid,  which  is 
reduced  to  vapour  by  the  heat  of  the  inflammation  faj .  Finally, 
the  water  which  enters  into  the  compoiition  of  the  powder,  ia^ 
likewife  converted  into  vapour.  Here,  then,  are  four  elaftic  fluids  . 
produced  in  the  progrefs  of  this  operation.  To  their  expaniion 
the  phenomenon  of  the  exploiion  is  to  be  afcribed. .  The  two  lail, 
brought  back  to  a  liquid  flate  by  being  cooled,  form  the  fmoke 
we  perceive  siter  the  difcharge.— J*.  JB. 

fa)  This  account  of  the  aeriform  fluids,  extricated  by  the  inflammation  of 
gun-powder,  feems  very  embarraffed.  Sulphur  h  ii6t  an  efTential  Ingredient  . 
in  gun-powder ;  but  as  it  burns  at  a  low  heat,  it  renders  the  mais  more  fufcep* 
tible  of  catching  iire.  The  inflammation  of  gunpowder  is  precifely  the  fame 
phenomenon  with  the  detonation  of  charcoal  and  nitre.  That  fait  is  com- 
pofed  of  vegetable  alkali  and  nitrous  acid,  which  coniifts  of  pure  and  mephitic 
airs  unked  in  a  certain  proportion.  By  means  of  the  heat  at  flril  applied,  and 
then  rapidly  evolved  during  the  procefs  of  inflammation,  the  nitrous  acid  is  de- 
compofedj  if s  mephitic  air  is  expelled,  while  it^s  pure  air,  combining  with 
the  charcojJ,  forms  fixed  air,  which  is  alfodlfcharged.  It  appears  from  expert- 
menty  that  this  aerial  compound,  at  the  inflant  of  ifs  extrication,  has  upwards 
of  five  hundred  times  the  elaflicity  of  common  air. — E.  E. 
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burfis  open  thefe .  little  envelopes :  the  air  then  fud- 
denly  flies  off,  with  incredible  velocity,  and  forces 
before  it  bullets  and  balls  in  a  manner  entirely  fimi- 
lar  to  that  which  we  have  remarked  in  the  cafe  of 
the  wind-gun,  but  with  much  greater  iihpetuofity. 
Here,  then,  are  two  very  furprifing  effe£b  produced 
from  the  condenfation  of  air,  with  this  iing^e  diffe- 
rence, that  in  the  one,  it  is  the  work  of  art ;  and  in 
the  other,  that  of  nature.  We  fee  therefore  in  this, 
as  in  every  thing  elfe,  how  infinitely  the  operations 
of  human  fldll  are  furpaffed  by  thofe  of  nature. 

z^h  Mat/y  1760. 
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LETTER  XIV. 

The  Effed  produced  by  the  Heat  and  Cold  on  all  BodieSy 
and  of  the  Pyrometer  and  Thermometer. 

s 

T3  ESIDE  the  properties  already  mentioned,  air  has 
-■^  another  very  remarkable  quality,  in  conunon  to 
it  with  all  bodies,  not  excepting  fuch  as  are  folid ;  I 
mean  the  change  produced  on  it  by  heat  and  cold. 
It  is  obfervable,  in  general,  that  all  bodies,  being 
heated,  dilate  or  increafe  in  fize.  A  bar  of  iron  made 
very  hot,  is  fomewhat  longer  and  thicker  than  when 
it  is  cold.  There  is  an  inftrument  called  the  Pyro- 
meter^ which  accurately  indicates  the  flighteft  dif- 
ferences of  length  or  ftiortneis,  that  a  bar  of  iron 
undergoes,  to  which  it  is  applied.    You  know  tiiat. 
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in  a  watch,  fi3me  of  the  wheek  move  very  flowly, 
though  they  communicate  motion  to  others  which 
revolve  with  coniideraUe  rapidity.  By  a  fimilar  me- 
chanifm  it  is  poffible,  from  a  change  almoft  imper- 
ceptible, to  produce  one  very  confiderable,  as  is  the 
cafe  of  the  pyrometer,  which  I  have  juft  mentioned* 
It  has  an  index,  which  runs  over  a  very  confiderable 
Ipace,  oil  the  flighteft  change  produced  in  the  length 
of  the  body  on  which  the  experiment  is  made.  On 
applying  this  inftrument  to  a  bar  of  iron,  or  any 
other  metal,  placed  over  a  burning  lamp,  the  index 
is  immediately  put  in  motion,  and  fhews  that  the 
bar  is  becoming  longer ;  and,  as  the  heat  incrcafes, 
the  bar  likewife  increafes  in  length.  But  on  extin- 
guifliing  the  lamp,  and  the  bar  growing  cold  again, 
the  index  moves  in  a  contrary  direftion,  and  thereby 
{hews  that  the  bar  is  growing  fhorter.  The  diflference, 
however,  is  fo  flight,  that,  without  the  help  of  this 
inftrument,  it  would  be  difficult  to  perceive  it.  Yet 
this  variation  is  abundantly  perceptible  in  the  motion 
of  pendulum  time-pieces.  The  ufe  of  the  piendulum 
is  to  regulate  the  motion.  If  you  lengthen  it,  the 
dock  goes  flower,  and  if  you  fliorten  it,  the  dock 
•  goes  fefier.  Now  it  is  remarked,  that  in  very  hot 
weather  all  docks  lofe  time,  and  proportionally  gain 
it  in  very  cold  weather  j  which  dearly  demonftrates, 
that  the  pendulum  is  lengthened  or  fliortened,  ac- 
cording to  the  temperature  of  the  air. 

All  bodies  undergo  this  alteration,  but  the  quan- 
t.ity  differs ,  greatly,  according  to  the  nature  of  the 
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fubflance  of  which  they  are  compofed.  In  fluids, 
efpccially,  this  variability  is  very  perceptible.  To  af« 
certain  it,  take  a  glafs  tube,  B  C,  (plate  I.  Jig.  6 J 
joined  It  the  end  B  to  a  hollow  ball  A,  and  let  it  be 
filled  w  ith  any  liquor  you  pleafe  up  to  M.  On  heat* 
ing  the  ball  A,  the  liquor  will  rife  from  M  toward  C : 
when  it  becomes  cold  again,  the  liquor  will  fall  to- 
ward  B.  Tliis  clearly  proves  that  the  fame  liquid 
occupies  a  greater  fpace  wlien  it  is  heated,  and  a 
fmaller  when  cold.  It  is  likewife  clear;  that  this  va- 
riuLion  muft  be  more  perceptible,  when  the  ball  is 
large,  and  the  tube  narrow.  For,  if  tlie  whole  mafs 
of  liquor  incrcafcs  or  diminiihes  by  a  thoufandth 
part,  that  thoufandth  piurt  will  occupy,  in  the  tube, 
a  fpacc  great  in  proportion  to  it's  narrownds.  Such 
an  infcrumcnt  then  is  e;wceedingly  proper  to  indi- 
cate to  us  the  dilTerent  degrees  of  heat  and  cold; 
for  if  the  liquor  riles  or  falls,  it  is  a  certain  indication 
that  the  heat  is  iucrc^fmg  ur  diniini lining.  This  in- 
firument  b  called  the  Ta; /t.'c/7:ci\t,  which  points  out 
the  changes  that  take  place  in  tlie  temperature  of  the 
air«  and  of  the  bodies  which  furround  us.  It  muft 
aot  be  confounded  with  the  barometer,  whofe  uie  is 
to  indicate  the  gravity-  of  the  air,  or  rather  the  force 
vith  which  it  is  comprcfled,  Tlii*  caurion  is  the 
tooK  neccflary,  that  the  barometer  and  thermometer 
ixve  a  confiderable  rcl"embl.mce :  being  both  ^ais 
ibes  lUlcdiftiih  mcrcur)-;  but  their  ccnfirudion, 
ad  the  principles  on  whidi  the\-  a:v  founded  are  cn- 
tirdf  diftitnt.    This  quality  of  body,  exteniiOQ  by 

heat. 
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Ixcat,  and  contraftion  by  cold,  belongs  likewife,  in  a 
very  fuperior  degree,  to  air.  I  fliall  explain  it  at 
greater  length  in  my  next  letter.* 

ZJtAMay,  1760.    ,  , 
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t 

Changes  produced  in  the  Atmofphere  by  Heat  and  Cold. 

HEAT  and  cdid  produce  the  lame  effeft  on  air,  as 
on  every  other  body.  Air  is  rarefied  by  heat, 
and  condenfed  by  cold.  From  what  I  have  faid  of 
the  elafticity  of  air,  you  eafily  perceive,  that  a  certain 
quantity  of  this  fluid  is  not  determined  to  occupy 
only  a  certcdn  fpace,  as  all  other  bodies  are ;  but  by 

*  There  are  three  kinds  of  thermometers  in  ufe  at  prefent,  that 
of  Reaumur  is  adopted  in  France,  Switzerland,  and  Italy;  that  of 
Celfius  in  Sweden  and  Denmark.  In  both  of  thefe,  the  fcak  com- 
mences at  the  freezing  point;  but  the  interval,  between  that  and 
the  boiling  point,  is  divided,  in  the  former,  into  80  parts,  and  the 
Jatter,  into  loo;  Farenheit*s  thermometer  is  ufed  in  Britain  and 
Holland ;  the  freezing  point  is  marked  on  it  52,  and  the  boiling 
a  12,  the  interval  containing  180  degrees.  The  freezing  point  is 
very  nearly  permanent,  but  the  boiling  point  depends  on  the  pre(^ 
furc  of  the  atmofphere,  and  near  the  furface  of  the  earth  it  varies 
one  degree  and  fix-tenths  for  every  inch  of  variation  in  the  height 
of  the  barometer.  Water  has  beeh  heated  in  a  clofe  veflel  to  fuch 
ai  degree,  as  to  melt  lead  and  tia ;  and  in  the  receiver  of  an  air- 
pump,  it  may  be  converted  into  vapour,  at  the  ordinary  tempera- 
ture of  the  air.  Hence  the  reaibn  why  water  boils  fo  quickly  on 
the  fummit  of  lofty  mountains.  The  boiling  point  would  be  at 
172*  on  th£  heights  of  the  Andcs.-i->£.  £• 
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it's  nature,  it  has  a  perpetual  tendency  to  dilate,  and 
actually  does  expand  itfelf,  as  long  as  it  meets  no  ob- 
ftacle. 

This  property  of  air  is  denominated  dafticity. 
When  this  fluid  is  confined  in  a  vcflcl,  it  makes  ef- 
forts in  every  direction  to  burft  it ;  and  thcfe  efforts 
are  greater  or  lefs  in  proportion  to  it's  condenfation. 
Hence  we  come  to  this  conclufion,  that  the  elafticity 
of  air  is  in  exaft  proportion  to  it's  denfity  ; ,  fo  that 
when  it's  denfity  is  doubled,  it's  elafticity  is  likewifc 
doubled ;  and  that,  in  general,  a  certain  degree  of 
clafdcity  correfponds  to  a  proportional  degree  of  den- 
fity. It  muft  be  remarked,  however,  that  this  takes 
place  no  longer  than  while  the  air  prcferves  the  fame 
degree  of  heat.  Whenever  it  becomes  hotter,  it  ac^ 
quires  gr  r':ter  power  of  expanfion  than  what  corrc- 
fponded  to  it's  denfity  ;  and  cold  produces  the  oppo- 
site effect,  by  diminifhing  it's  expanfive  power.  In 
order  then  to  determine  the  eliifticity  of  a  mafs  of 
air,  it  is  not  {jifEcient  to  know  it's  denfity  ;  you  muft 
likewifc  know  it's  degree  of  heat.  In  order  to  fet 
this  in  a  dear  light.  Let  us  fuppofe  two  chambers 
dofdy  fliiit  on  all  fides,  but  united  by  a  door  of  com- 
munication ;  and  that  the  heat  in  both  is  equal.  In 
order  to  this  the  air  in  both  chambers  muft  have  the 
fame  degree  of  denfity.  For  were  the  air  more  denfe, 
and  confequently  more  elaftic,  in  the  one  than  in  the 
other,  part  of  it  would  efcape  from  the  one,  and  force 
it's  way  into  the  other,  till  the  denfity  in  both  were 
the  fame.  But  let  us  fuppofe  that  one  of  the  cham- 
bers has  become  hotter  than  the  other,  the  air  thereby 

acquiring 
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acquiring  a  greater  ^lafticity,  would  of  courfe  force 
itfelf  into  the  other,  and  reduce  that  which  it  found 
there  into  a  fmaller  fpace,  till .  the  elafticity  in  both 
chambers  was  brought  to  the  fame  degree.  During 
this  change  there  will  be  a  current  of  air,  through  the 
<loor,  from  the  chamber  which  is  more,  into  that 
which  is  lefs  heated ;  and  when  the  equilibrium  is 
reftored,  the  air  will  be  more  rarefied  in  the  warm 
apartment,  and  more  condenfed  in  the  cold ;  and  yet 
the  elafticity  of  both  will  be  the  fame.  From  this  it 
clearly  follows,  that  two  maffes  of  air  of  different 
denfity,  *may  have  the  fame  elafticity,  when  the  one 
is  hotter  than  the  other ;  and  this  circumflance  taken 
into  cohfideration,  it  may  happen,  that  with  the 
fame  degree  of  denfity,  they  may  be.  endowed  with 
different  degrees  of  elafticity. 

What  I  have  faid  of  two  chambers  may  be  applied 
to  two  countries ;  and  hence  it  may  be  concluded, 
that  when  one  country  becomes  warmer  than  the 
other,  there  muft  of  neceflity  be  a  current  of  air  from 
the  one  to  the  other :  and  from  this  refults  the  wind. 
.  Here,  then,  is  one  fruitful  fource  of  winds,  though 
there  are  perhaps  otl^ers,  which  confift  in  the  dif» 
ferent  degrees  of  heat,  which  prevail  in  different  re- 
gions of  the  earth ;  and  it  is  demonftrable,  that  the 
whole  air  which  furrounds  the  earth  could  not  be  in 
a  fhite  of  reft,  unlefs  that,  univerfally ,  at  equal  heights, 
there  were  found  the  fame  degree,  not  only  of  den^ 
fity,  but  likewife  of  heat.  And  fhould  it  happen 
that  there  were  no  wind  over  the  whole  furface  of 
the  earth,  it  might  with  certainty  be  concluded,  that 

the 
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the  ur  would  likewife  be  every  where  equally  denfe 
and  warm  at  equal  heights.  Now  as  this  never  hap- 
pens, there  muft  of  neceffity  always  be  winds,  at  leaft 
in  fome  regions.  But  thefe  winds  are,  for  the  moft 
part,  to  be  met  with  only  on  the  furface  of  the  earth ; 
and  the  higher  you  rife,  the  lefs  vicjlent  winds  are. 
Winds  are  hardly  perceptible  at  the  fummit  of  very 
high  mountains  ;*  there  perpetual  tranquillity  reigns; 
from  which  it  is  impoflible  to  doubt,  that  at  con- 
ilderable  elevations,  the  air  is  always  in  a  ftate  of  rell. 
Hence  it  follows,  that  in  regions  remarkably  ele- 
vated, there  univerfelly  prevails  all  over  the  earthy 
the  fame  degree  of  denfity  and  heat ;  for  were  it 
hotter  in  one  place  than  in  another,  the  air  could  not 
be  in  a  ftate  of  reft.  And,  as  there  is  no  wind  in 
thefe  elevated  regions,  it  muft  neceflarily  follow,  that 
tlie  degree  of  heat  there  muft  be  univerfally  and  al" 
ways  the  fame ;  which  is  a  very  furprizing  paradox, 
confidering  the  great  variations  of  heat  and  cold 
which  we  fed  on  the  furface  of  the  earth,  during  the 
courfe  of  a  year,  and  even  of  one  day ;  without  tak^^ 
ing  into  the  account  the  difference  of  climate,  that  is, 
the  intolerable  heats  felt  under  the  equator,  and  the 

*  This  docs  not  appear  perfe<5Uy  exaA,  A  perpetual  current  of 
wind,  from  eaft  to  weft,  muft  be  J)roduced  by  the  motion  of  the 
earth's  rotation.  It  refults,  likewife,  from  M.  d' Alembert's  theory 
of  winds.  Beiide?,  the  attradtioil  of  the  moon,  which  is  capable 
of  .railing  the  waters  of  the  globe,  undoubtedly  communicates  fomt 
motion  to  the  atmofphere.  Here,  then,  we  have  fuperlor  currents. 
When  aeroftation  is  carried  to  perfe(ftion,  it  will,  perhaps,  pro- 
T£  us  fatisfying  information  refpedting  this  article  of  meteorQ« 

dreadful 
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dreadful  cold  which  ever  prevails  toward  the  poles 
of  the  earth.  Experience  itfclf,  however,  confirms 
the  truth  of  this  aftonifliing  fa£t.  The  fiiow  and  ice 
remain  equally,  fummer  and  Winter,  on  the  moun* 
tains  of  Switzerland,  and  are  equally  unchangeable 
on  the  Cordeliers,  lofty  mountains  of  Peru,  Situated 
under  the  very  equator,  and  where  there  perpetually 
reigns,  neverthelefs,  a  cold  as  exceffive  as  that  of  the 
polar  regions.  The  height  of  the£e  mountains  is  not 
a  German  mile,*  or  24,000  feet.  From  this  it  may 
be,  with  confidence,  concluded,  that  were  it  po£Gblc 
for  us  to  afcend  to  the  height  of  24,000  feet,  above 

the  earth,  we  fliould  always  and  univerfally  meet 

I  '  1 

with  the  fame  degree  of  cold,  and  that  cold  excef* 
fively  fever e.t  We  ihould  remark  there  no  fenfible 
difference  during  either  fummer  or  winter,  under 
the  equator,  or  near  the  poles.  At  this  height,  and 
ftill  higher,  the  ilate  of  the  atmofphere  is  univerfally, 
and  at  all  feafons,  the  fiune ;  and  the  variations  of 
heat  and  cold  take  place  near  the  fur£u:e  of  the  earth 
alone.  It  is  only  in  thefe  inferior  regions,  that  the 
effed  of  the  rays  of  the  fun  becomes  per<cq>tible« 
You  have,  undoubtedly,  fome  curiofity  to  know  the 
reafon  of  this.  It  ihall  be  the  fubjed:  of  the  follow* 
ii^  letter, 

^\JiMat/^  1760. 

^  About  4  3*sth6  miles,  £n^i(k. 

t  M.  Charles,  in  his  aerial  royage  of  the  iH  Dec.  x/S),  Celt 
this  change  of  temperature  in  a  very  fenfible  manner ;  for  then,  on 
the  furface  of  the  earth,  the  fluid  in  the  thermometer  fic^od  at  7^ 
above  the  freezing  point,  and  after  about  zo  minutes  of  afceniion^ 
it  bad  Men  to  5*^  below  it,— P.  J?. 

LETTER 


6o  COLD  FELT  ON  HIGH  MOUNTAINS 


IXITER  XVL 

The  Cold,  felt  on  high  Mountains  and  at  great  Depths^ 

accounted  for. 

IT  appears  very  furprifing,  that  we  fhould  fed  the 
fame  degree  of  cold  in  all  regions,  after  we  have 
rifen  to  a  certain  height,  fay  24,000  feet ;  confider- 
ing  that  the  variations  with  rcfpeft  to  hc*at,  on  the 
earth,  not  only  in  different  climates,  but  in  the  fame 
country,  at  different  feafons  of  the  year,  are  fo  per- 
ceptible. This  variety,  which  take?  place  at  the  fur- 
face  of  the  globe,  is  undoultedly  occafioned  by  the 
fun.  It  appears,  at  firift  light,  that  his  influence  mufl 
be  the  fame  above  and  below,  efpecially  when  we  re- 
fled,  that  a  height  of  24,000  feet,  or  a  mile,  though 
very  great  with  refpedt  to  us,  and  even  fair  beyond 
the  height  of  the  loftieft  mountains,  is  a  mere  nothing, 
compared  to  the  diflance  of  the  fun,  which  is  about 
thirty  millions  of  miles.*  This  is,  therefore,,  a  very 
important  difficulty,  which  we  mufl  endeavour  to 
folve^  For  this  purpofe  I  begin  with  remarking, 
that  the  rays  of  the  fun  do  not  communicate  heat  to 
amy  bodies,  but  fuch  as  do  not  grant  them  a  free  paf- 
fiigc.  You  know  that  bodies,  through  which  we 
can  difcern  objefts,  are  denominated  tranfparent^  peU 
kitidf  and  diapbonom.   Thefe  bodies  are  glafs,  cryfbl, 

*  Mr.  Euler  always  means  German  miles,  of  40QO  fiatliomf 
tadi,  or  fomewhat  under  4  y^ths  miles  £ngIiih.-^£,  £• 

diamond^ 
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diamond,  water,  and  feveral  other  liquids,  thougit 
fome  are  more  or  lefs  tranfparcnt  than  others.  One 
of  thefe  tranfparent  bodies  being  expofed  to  the  fun, 
is  not  heated  to  fuch  a  degree  as  a  body  not  tranfpa- 
rent, as  wood,  iron,  &c.  Bodies  not  tranfparent  are 
denominated  opaque.  A  burning-glafe,  for  example, 
by  tranfmitting  the  rays  of  the  fun,  fets  on  fire  opaque 
bodies,  while  the  glafs  itfelf  is  not  fenfibly  heated« 
Water  expofed  to  the  fun  becomes  fomewhat  warm, 
only  becaufe  it  is  not  perfectly  tranfparent ;  when 
we  fee  it  confiderably  heated  by  the  fun  at  the  brink 
of  rivers,  it  is  becaufe  the  bottom,  being  an  opaque 
body,  is  heated  by  the  rays  which  «the  water  tranf- 
mits.  Now,  every  heated  body  communicates  that 
Aeat  to  all  adjoining  bodies ;  the  water  accordingly 
derives  heat  from  the  bottom.  If  the  water  be  very 
deep,  fo  that  the  rays  cannot  penetrate  to  the  bot- 
tom, it  has  no  perceptible  heat,  though  the  fun  bears 
upon  it. 

As  air  is  a  very  tranfparent  body  to  a  much  higher 
degree  than  glals  or  water,  it  follows  that  it  cannot 
fee  heated  by  the  fun,  becaufe  the  rays  are  freely 
tranfmitted  through  it.  The  heat  which  we  fre- 
quently feel  in  the  air  is  communicated  to  it  by 
opaque  bodies,  which  the  rays  of  the  fun  have  heat- 
ed ;  and  were  it  poflible  to  annihilate  all  thefe  bodies, 
the  air  would  fcarcely  undergo  any  change  in  it's 
temperature  by  the  rays  of  the  fun :  expofed  to  it  or 
not  it  would  be  equally  cold.  But  the  atmofphere 
is  not  perfedly  tranfparent :  it  is  even  fometimes  fo 
loaded  with  vapours,  that  it  lofes  almoft  entirely  it's 
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tranfparency,  and  prefents  only  a  thick  fog.  When 
the  air  is  in  this  ftate,  the  rays  of  the  fun  have  a 
more  powerful  influence  upon  it,  and  heat  it  imrne* 
diately. 

But  thefe  vapours  rife  to  no  great  height ;  at  the 
height  of  24,000  feet,  and  beyond,  the  air  is  fo  fub- 
tile  and  fb  pure,  that  it  is  perfeftly  tranfparent ;  and 
for  this  reafon  the  rayis  of  the  fun  cannot  immediate^ 
ly  produce  any  effed  upon  it.  This  air  is  likewife 
too  remote  from  terreftrial  bodies  to  receive  a  com- 
munication of  heat  from  them ;  they  aft  only  upon 
fuch  as  are  adjacent.  Hence  you  will  eafily  perceive 
that  the  rays  of  the  fun  cannot  produce  any  effeft  in 
regions  of  the  air  very  much  elevated  above  the  fur- 
fece  of  the  earth ;  and  tliat  the  fame  degree  of  oAd 
mufl  al>^'ays  and  univerfally  prevail  in  fuch  regions, 
as  the  fun  has  no  influence  there,  and  as  the  heat  of 
terreftrial  bodies  cannot  be  communicated  fo  far. 
This  is  nearly  the  cafe  on  the  fummit  of  very  high 
mcfuntains,  where  it  is  always  much  colder  than  on 
plains  and  in  vallies.* 

*  There  are  clouds,  howerer,  above  thefe  mountains,  and  in 
•Imoft  as  great  a  quantity  as  above  the  plains,  which  is  demon- 
ftrated  by  the  fno\«-s  which  cover  the  higbeft  fununits.  There 
are  few  naturalilH  who  have  not  been  furpnlcd  by  clouds  in  their 
cxcurfioBs  upon  the  mountains.  The  heat  that  is  felt  when  fuch 
doads  are  formed  muit  be  attributed  ainioil  entirely  to  the  tran£- 
miffion  of  the  water  which  found  itfclf  diflblved  in  the  air,  under 
the  form  of  elaftic  fluid,  to  a  liquid  ilate.  The  heat  of  the  folar 
xaj*,  tatcroe|ited  by  the  cloud,  can  produce  no  change  in  the  in-. 
cmpeiature,  as  it  would  have  been  tranfmitted  from  the 

The 
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The  city  of  Quito,  in  Peru,  is  almoft  under  the 
equator, .  and  were  we  to  form  our  judgment  from 
it's  fituation  on  the  globe,  we  would  fuppofe  it  op- 
preffed  with  ^tolerable  heat ;  the  air,  however,  is 
abundantly  temperate,  and  differs  very  little  from 
that  of  Paris.  Quito  is  fituated  at  a  great  height 
above  the  real  furface  of  the  earth.  In  going  to  it 
from  the  fea  fliore  you  have  to  afcend  for  feveral 
days ;  it  is  accordingly  built  in  an  elevation  equal  to 
that  of  our  higheft  mountains,  though  furrounded 
by  others  ftifl  much  higher,  called  the  Cordeliers. 
This  laft  circumflance  would  afford  a  reafon  for 
thinking  that  the  air  there  muft  be  as  hot  as  at  the 
furface  of  the  earth,  as  it  is  contiguous  on  all  fides  to 
opaque  bodies,  on  which  the  rays  of  the  fun  fall. 
The  objeftion  is  folid ;  and  no  folution  can  be  ^ven 
but  this.  That  the  air  at  Quito,  being  very  elevated^ 
muft  be  much  more  fubtile,  and  of  left  gravity  than 
with  us ;  and  the  barometer,  which  always  ftands 
confiderably  lower,  inconteftably  proves  it. 

Air  of  fuch  a  quality  is  not  fo  fufceptible  of  heat 
as  common  air,  as  it  muft  contain  leis  vapour  and 
other  particles  which  ufually  float  in  the  atmofphere; 
and  we  know  by  experience  that  air  very  much 
loaded  is  proportionably  fufceptible  of  heat.  I  muft 
here  fubjoin  another  phenomenon  no  lels  furprifing: 
In  very  deep  pits,  and  lower  ftill,  if  it  were  ftill  pof- 
fible  to  defcend,  the  fame  degree  of  heat  always  and 
univerfally  prevails,  and  nearly  for  the  fame  reafon. 
As  the  rays  of  the  fun  exert  their  influence  only  on 
the  furface  of  the  earth,  and  as  tlie  heat  which  they 

there 
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there  excite  communicates  itfelf  up  and  down,  this 
effect  at  very  great  depths  is  almoft  imperceptible. 
The  fame  thing  holds  refpecHng  confiderable  heights. 
This  elucidation  will,  I  flatter  myfelf,  prove  £atis£2ic- 
tory.* 

^djune^  1760. 

LETTER 

*  The  rcafon  whicli  Profeflbr  Euler  affigns  for  the  cold  that 
prevails  in  the  higher  regions  of  the  atmofphere  feems  plaufibley 
but  will  not  (land  an  accurate  examination.     Light  is  much  im- 
paired in  it's  paffage  through  the  atmofphere,  and  the  heat  com- 
municated is  in  every  cafe  proportional  to  the  quantity  of  abforp- 
tion.     It  appears,  from  fome  ingenious  experiments  of  M.  Bou* 
guer,  that  we  receive  only  four-fifths  of  the  rays  of  a  vertical  fun ; 
and  when  that  luminary  approaches  the  horizon,  the  portion  of 
his  light  which  reaches  the  furface  of  the  earth,  is  much  fmaller* 
Thus  at  an  elevation  of  20  degrees  it  is  one  half;  at  that  of  10  de- 
grees one  third ;  and  at  that  of  five  degrees  one-eighth.     Hence 
the  fun-beams  are  moil  powerful  on  the  fummits  of  lofty  moun- 
tains, for  they  fufFer  the  greateft  diminution  in  paiTing  through 
the  denfe  air  of  the  lower  regions.     If  the  air  derived  it's  heat 
firom  the  fur&ce  of  the  earth,  thofe  countries  would  be  warmeil 
"which  enjoyed  the  greatefl  quantity  offun-fhine.     I'he  Britifii 
iilands  are  ihrouded  in  clouds  nine  months  of  the  year ;  yet  our 
dimate  is  milder  than  that  of  the  iame  parallel  on  the  Continent, 
where  the  &y  is  generally  ferene.     The  elevated  town  of  Quito, 
cipofed  to  a  brilliant  fun,  enjoys  a  temperate  air ;  while  the  Pe- 
ruvian plains,  {hdded  with  fleecy  clouds,  are  parched  with  heat. 
Were  the  reafoning  in  the  text  to  be  admitted,  we  fhould  conclude 
that  the  tops  of  mountains  are  warmer  than  their  bafes.     To  fay 
that  air,  much  rarefied,  is  not  fufceptible  of  heat,  is  a  very  extra- 
ordinary aflertion,  fincc  we  are  acquainted  with  no  fubftancc  what- 
ever that  may  not  be  heated.     Befides,  a  more  intenfe  cold  may 
be  artificially  produced  than  what  prevails  in  the  lofty  regions  of 
Se  atmofphere.    We  mufi  recur  to  other  principles  for  the  true 
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LETTER  XVn. 

Of  Lights  and  the  Syjiems  of  Def cartes  and  Newton. 

TTAVIN6  fpoken  of  the  rays  of  the  fun,  which 
are  the  focus  of  all  the  |ieat  and  light  that  we 
enjoy,  you  will  undoubtedly  aik.  What  are  thefc 
rays  ?  This  is  beyond  queftion  one  of  the  moft  im- 
portant inquiries  in  phyfics,  as  from  it  an  infinite 

number 

folution  of  the  faft.  It  is  indifferent  what  portion  of  the  air  firft 
receives  the  heat ;  the  effeft  depends  entirely  on  the  nature  of  it's 
didribution*  If  the  atniofpherc  were  of  an  uniform  denfity  through** 
out,  the  heat  would  at  all  heights  be  likewife  the  fame.  But  as 
the  dc!  fity  varies  according  to  the  altitude,  the  diilribution  of 
Heat  is  affedled  by  that  circumiiance,  and  follows  a  certain  corre«* 
fponding  law.  I  would  gladly  develope  the  principles  from  which 
this  theory  is  deduced,  but  the  popular  nature  of  the  prefent  trea* 
tife  forbids  all  abftra£l  difcuffion.  I  fhall  therefore  Content  myfelf 
with  giving  a  table  of  the  diminution  of  heat  at  different  altitudes. 


Altitude  in  feet. 

Diminution  of  heat,  in  degrees. 

of  Farenheit, 

3,000    — 

■-»- 

-r- 

—     la^ 

6,000    — 

— 

— 

—      24§ 

9,000    — 

— 

— 

-    38 

12,600    — ' 

— * . 

■— 

—    S3  ■ 

15,000    — 

— - 

— , 

—    68* 

18,000    — 

— 

— • 

—    86, 

a  1,000    — 

— 

— • 

—     94: 

The  diminution  of  heat,  on  the  afcent,  Is  not  quite  fo  great  in 
extenfive  continents ;  for  the  intercourfe  between  the  rare  and  the 
denfe  portions  of  the  atmofphere  is,  in  this  cafe,  neceflkrily  do  w, 
and  the  heat,  which  is  principally  formed  at  the  furface,  will  only 
be  partially  difpcrled. 

Voi.I.  F  It 
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number  of  phenomena  is  derived.  Every  thing  that 
refpcfts  light,  and.  that  renders  objefts  vilible,  is 
clofely  connected  with  this  inquiry.  The  ancient 
philofophers  feem  to  have  taken  little  intereft  in  the 
folution  of  it.  They  contented  themfelves  with  fiy- 
tng  that  t]ie  fun  is  endowed  with  the  quality  of 
fliining,  of  ^ving  heat  and  light.  But  is  it  not 
worth  while  to  inquire,  Wherein  does  this  quality ' 
confift  ?  Do  certain  portions,  inconceivably  finall,  of 
the  fun  himfelf,  or  of  his  fubftance,  come  down  to 


It  is  a  common  miflake  to  fuppofc,  that  the  fame  heat  obtains, 
at  a  certain  depth j  in  every  part  of  the  globe.     The  fad  is,  that 
beat,  originally  deiived  from  the  fun,  is  commanicated  very  ilowl/ 
to  the  matter  below  the  furface,  which,  therefore,  does  not  fed 
the  vieiffitude  of  feafons,  but  retains  the  average  tempenUuro  of 
the  dimate  for  many  ages.     Hence  the  utility  of  examining  tbf 
heat  of  fprings,  which  is  the  fame  with  that  of  the  fubftanoei 
through  which  they  flow*     The  following  table  exhibits  the  ave* 
rage  heat  of  places  on  the  level  of  the  iea,  computed  by  the  c^** 
Ini^tc4  aftronomer,  Profeflbr  Meyer,  for  every  five  degrees,  of  ^ 
(Uude, 


o    - 
S    ■ 

K>     - 


rLatitude. 


so 

II 

6S 
70 

7S 
80 

8S 
90 


ATcrage  Tempw***" 

—  -     534" 

—  —     49 

—  —     4.*% 

—  —     ^» 

-    -  ^hX 


Comparing  this  table  with  the  preceding, 
for  any  latitude^  the  altitude  of  the  curv^' 
re  the  average  tcrop««^^»«  w  3*^rE- 
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US?   Or  is  the  tranfiniifioa  fimilar  to  the  found  of 
bell,  wMch  the  ear  receives  ?  though  no  part  of  th 
fubftance  of  the  bell  be  feparated  from  it,  as  I  obferv 
ed  in  explaining  the  propagation  and  perception  oi 
found. 

Defcarfesj  the  firft  of  modern  philofophers,  main- 
tsdned  this  laft  opinion,  and  having  filled  the  whole 
univerfc  with  a  fubtile  matter  compofed  of  fmall 
globules,  winch  he  calk  the  fecond  element,  he  fup- 
pofes  that  thcTun  is  in  a  ftate  of  continual  agitation, 
which  he  tranfinits  to  thefe  globules,  and  pretends 
that  they  again  communicate  their  motion  in  an  in- 
ftant  to  every  part  of  the  univerfe.  But  fince  it  has 
been  difcovered  that  the  rays  of  the  fun  do  not  reach 
us  inftantaneoufly,  and  that  they  take  eight  minutes 
to  fly  through  that  immenfe  diftance,*  the  opinion 
of  Defcartesj  which  laboured  befide  under  other  dif- 
ficulties, has  been  given  up. 

The  great  Newton  afterwards  embraced  the  former 

yftem,  and  maintained  that  the  luminous  rays  are 

aDy  feparated  from  the  body  of  the  fun,  and  the 

urtides  of  light  thence  emitted  with  that  inconceiv- 

le  vdocity  which  brings  them  down  to  us  in  about 

ht  minutes.    This  opinion,  which  is  that  of  moft 

dem  phik^bphers,  particularly   the  Engliih,  is 

His  iroportaht  ^6t  was  difcovered  toward  the  end  of  the  lad 

ly  by  Roemer,  a  learned  Dane,  of  th^  ancient  Academy  of 

es.     It  was. an  inequality  of  the  fatellites  of  Jupiter  which 

1  to  it.     Xhe  caufe  of  this  aberration,  difcovered  by  firad- 

72 S,  inconteftably  demonftrates  the  fame  phenomenon.— 

F  2  called 


68  Of  LIUH T— SYS  ['KMS  OT 

called  thefyjlcm  of  emanation ;  it  being  ima^ned  that 
rays  emanate  from  the  fun  and  other  luminous  bo- 
dies, as  water  emanates  or  fprings  from  a  fountain. 

This  opiniorr  appears  at  firll  fight  very  bold,  and 
irreconcileable  to  reafon.  For  were  the  fun  emitting 
continually,  and  in  all  directions,  fuch  floods  of  lu- 
minous matter,  with  a  velocity  fo  prodigious,  he 
muft  fpecdily  be  exhaufted,  or  at  leaft  fome  altera- 
tion muft,  after  the  lapfe  of  fo  many  ages,  be  percept 
tible.  This,  however,  is  contradicted  by  obfervation. 
It  cannot  be  a  matter  of  doubt,  that  a  fountain  which 
Ihould  emit  ftreams  of  water  in  all  directions,  would 
be  exhaufted  in  proportion  to  the  velocity  of  the 
emiflion ;  much  more  the  fun,  whofe  rays  are  emit* 
ted  with  a  velocity  fo  inconceivable-  Let  the  particles 
of  which  rays  of  light  are  formed  be  fuppofed  as  fub* 
tile  as  you  pleafe,  nothing  will  be  gained :  the  fyftem 
will  ever  remain  equally  untenable.  It  cannot  be  af- 
firmed that  this  emanation  is  not  made  in  all  direc- 
tions :  for,  wherever  you  are  placed,  the  whole  fun 
is  vifible,  which  proves  inconteftably,  that  rays  from 
every  point  of  the  fun  are  emitted  toward  the  fpot 
which  you  occupy.  The  cafe  is  very  di£ferent  from 
that  of  a  fountain,  which  fhould  emit  ftreams  of 
water  in  all  directions-  For  one  point  in  the  foun- 
taixi  could  furnifli  only  one  ftream  directed  to  a  par- 
ticular fpot,  but  every  point  of  the  fun's  furface  muft 
cnj/'t:  an  infinite  number,  diffufing  themfelves  in  all 
^jgr^Sions.  This  circumftance  alone  infinitely  in- 
^^-^  :^es  the  expenditure  of  luminous  nutter,  which 

would  have  to  make. 

Another 
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Another  difficulty,  and  which  appears  equally  in- 
fuperable,  is,  that  the  fun  is  not  the  only  body  which 
emits  rays,  but  that  all  the  ftars  have  the  lajne  qua- 
lity :  and  as  every  where  the  rays  of  the  fun  muft  be 
croffing  the  rays  of  the  ftars,  their  collUion  muft  be 
violent  in  the  extreme.  How  muft  their  direction 
be  changed  by  fuch  collifion !  This  collifion  muft 
take  place  with  refpeft  to  all  luminous  bodies,  vifiblc 
at  the  fame  time.  Each,  however,  appears  diftinftly, 
without  fuffering  the  flighteft  derangement  from  any 
other:  a  certain  proof  that  many  rays  may  pafs 
through  the  fame  point,  without  difturbing  each 
other,  which  feems  irreconcileable  to  the  fyftem  of 
emanation.  Let  two  fountains  be  fet  a  pUying  upon 
each  other,  and  you  will  immediately  perceive  their 
diflferent  ftreams  difturbed  apd  confounded :  it  .m\ift 
of  confequence  be  concluded,  that  the  motion  of  the 
rays  of  light  is  very  effentially  different  from  thajt  of 
zjet  /feau,  ayid  in  general  from  all  ^ubftanccs  forciblv 
emitted, 

Confidering  afterwards  tranfparent  bo4ies  through 
which  rays  are  freely  trai>fmitlted  in  all  direftions, 
the  fupporters  of  this  fyftem  are  under  the  neceffity 
of  aflirmifig  that  thefe  bodies  contain  pores,  difpofed 
in  ftraight  lines,  which  iffue  from  every  point  of  the 
furfure,  and  proceed  in  all  direftions ;  it  being  in- 
conceivable  how  there  could  be  any  line  through 
which  a  ray  of  the  fun  might  be  tranfinitted  with 
fuch  amazing  velocity,  and  even  without  the  flight- 
fft  coUiiion.    Here  then  are  bodies  wonderfully  por 

F  3  rous^ 
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rous,  which  have  the  appearance,  nevertheleis,  of 
being  extremely  folid. 

Finally,  in  order  to  enjoy  vifion,  the  rays  muft 
enter  into  the  eye,  and  penetrate  it's  fubftancc  with 
the  fame  velocity.  All  thefe  difficulties,  taken  toge- 
ther, will,  I  doubt  not,  fufficiently  convince  you, 
that  the  fyftem  of  emanation  has  in  no  refpect  a 
foundation  in  nature ;  and  you  will  certainly  be  af- 
toniihed  that  it  could  have  been  conceived  by  & 
great  a  man,  and  embraced  by  fo  many  enlightened 
philofophers.  But  it  is  long  fince  Cicero  remarked, 
that  nothing  fo  abfurd  can  be  imagined  as  to  find  no 
fupporter  among  philofophers.  For  my  part,  I  am 
tOQ  little  a  phiiolbpher  to  adopt  the  opinion  in  qu^^ 
lion. 

jtb  June^  1760, 
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Difficulties  attending  the  Syjlem  of  Emanation^ 

TTOWEVER  ftrange  the  doftrine  of  the  celebrated 
•**  -*•  Newton  may  appear,  that  rays  proceed  from 
the  fun  by  a  continual  emanation,  it  has,  however, 
been  fo  generally  received,  that  it  requires  an  eflFort 
of  courage  to  call  it  in  queftion.  What  has  chiefly 
contributed  to  this  is,  no  doubt,  the  high  reputation 
Treat  Englifli  philofopher,  who  firft  difcovcred 
aws  of  the  motions  of  the  heavenly  bodies  j 

9nd 
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^md  it  is  this  very  difcovery  which  led  him  to  the 
fyftem  of  emanatjcHi. 

Defcariis^  in  order  to  fupport  his  theory,  was 
under  the  neceffity  of  filling  the  whole  fpace  of  the 
heavens  with  a  fubtile  matter,  through  which  all  the 
celeftial  bodies  move  at  perfeft  liberty.  But  it  is 
Well  known  that  if  a  body  moves  in  air,  it  muft 
meet  with  a  certain  degree  of  refiftance;  from  which 
Newton  concluded,  that  however  fubtile  the  matter 
of  the  heavens  may  be  fuppofed,  the  planets  muft 
encounter  fome  refiftance  in  their  motions.  But, 
{aid  he,  this  motion  is  not  fubje<^  to  any  refiftance : 
the  immenfe  ^ace  of  the  heavens,  therefore,  con* 
tains  no  matter.  A  perfeft  vacuum,  then,  univer- 
£ally  prevails.  This  is  one  of  the  leading  doftrines 
of  the  Newtonian  philofqphy,  that  the  immenfity  of 
the  univcrfe  contains  no  matter  in  the  fpaces  not 
occupied  by  the  heavenly  bodies.  This  being  laid 
down,  there  is  between  the  fun  and  us,  or  at  leaft 
from  the  fun  down  to  the  atmofphere  of  the  earthy 
an  abfolute  vacuum.  In  truth,  ihe  farther  we  af- 
Cend,  the  more  fubtile  we  find  the  air  to  be;  from 
whence  it  would  apparently  follow,  that  at  length 
the  air  would  be  entirely  loft.  If  the  fpace  between 
the  fun  and  the  earth  be  an  abfolute  vacuum,  it  is 
impoffible  that  the  rays  fhould  reach  us  in  the  way 
of  communication,  as  the  found  of  a  bell  is  trant 
mitted  by  means  of  the  air^  For  if  the  air,  inter^ 
vening  between  the  bell  and  our  ear,  were  to  be  an- 
nihilated, we  fliould  abfdiutely  hear  nothing,  let  the 
fccfl  be  ibruck  ever  fo  violently^ 

F  4  Having 
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.  , . M.;  I  li .il  »IHhcd,  then,  a  perfecl  vacuum  between 
..  k\*  III)  Ixidics,  there  remains  no  other  opinion 
,  ;..  i»li»|iicu  Ijut  that  of  emanation ;  which  obliged 
\  ..«.//  I (i  maintain,  that  the  fun  and  all  other  lu- 
liiiiufii^s  liodics  emit  rays  which  are  always  particles, 
ii.liuiuly  fmall,  of  their  mafs,  darted  from  them 
V.  nil  UK rcdible  force.  It  muft  be  fuch  to  a  very 
hifcjh  dejrrce,  in  order  to  imprefs  on  rays  of  light 
lliiit  iuconceivabk  velocity  with  which  they  come 
fn)ui  the  fun  to  us  in  the  fpace  of  eight  minutes. 
But  let  us  fee  whether  this  theory  be  confiftent  with 
Newton's  leading  doctrine,  which  requires  an  abfo* 
lute  vacuum  in  the  Leavens,  that  the  planets  may 
encounter  no  manner  of  refiftance  to  their  motions. 
You  muft  conclude,  on  a  moment's  refleftion,  that 
the  fpace  in  which  the  heavenly  bodies  revolve,  in* 
ftead  of  remaining  a  vacuum,  muft  be  filled  with 
the  rays,  not  only  of  the  fun,  but  likewife  of  all  the 
other  ftars  which  are  continually  palling  through  it 
from  every  quarter,  and  in  all  directions,  with  incre- 
dible rapidity.  The  heavenly  bodies  which  traverfe 
tlicfc  fpaces,  inftead  cf  encountering  a  vacuum,  will 
meet  with  the  matter  of  luminous  rays  in  a  terrible 
agitation,  which  muft  difturb  thefe  bodies  in  their 
motions  much  more  than  if  it  were  in  a  ftate  of  reft. 
Thus  Newton^  apprehenfive  left  a  fubtile  matter, 
fuch  as  Pefcartes  imagined,  ftvould  difturb  the  mo- 
tions of  the  planets,  had  recourfe  to  a  very  ftrange 
^xp^ent,  and  qxiite  contradiftory  to  his  own  inten- 
t'  >n  iis  iypothefis,  the  planets  muft  be  exr 

Vfang^^^ent  infitutdy  more  confiderable. 

\  have 
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I  have  already  fubmitted  to  you  feveral  other  infu- 
perable  obje<Etions  to  the  fyftem  of  emanation ;  and 
we  have  now  feen  that  the  principal  and  indeed  the 
only  reafon  which  could  induce  Newton  to  adopt  it, 
is  fo  felf-contradiftory  as  wholly  to  overturn  it.  All 
thefe  confiderations  united,  leave  us  no  room  to  he- 
iitate  about  the  rejection  of  this  ftrange  fyftem  of 
the  emanation  of  light,  however  refpedaUe  the  au- 
thority of  the  philofpher  who  invented  it. 

Newton  was,  without  doubt,  one  of  the  greateft 
geniufes  that  ever  exifted.  His  profound  know- 
ledge, and  his  acute  penetration  into  the  moft  hid- 
den myfteries  of  nature,  will  be  a  juft  objeft  of  ad- 
miration to  the  prefent,  and  to  every  future  age. 
But  the  errors  of  this  great  man  fliould  ferve  to  ad- 
monifh  us  of  the  weaknefs  of  the  Hliman  underftand- 
ing,  which,  after  having  foared  to  the  greateft  pof^ 
fible  heights,  is  in  danger  of  plunging  intp  manifeft 
contradiftion.* 

^Qfh  June,  1769. 

WITTER 

♦  Tkc  pious  as  well  at  learned  and  ingenious  Author,  in  the  firft 
edition  of  theie  Letters,  fubjoined  to  this  refledlion  on  Neoton^t 
doAripe  of  emanation  a  ieries  of  reflexions  which  do  equal  honour 
to  his  underftanding  and  his  heart.  The  French  Editor,  for  what 
reaioQ  it  does  not  appear,  has  thought  proper  to  fupprefs  them. 
:  Could  he  imagine  a  philofophical  work  difgraced  by  a  modefl  and 
pot  unieafonable  infuiion  of  religious  fentiment  ?  Be  how  it  will, 
.  the  Engliih  Editor  felt  himfelf  obliged  to  reflore  the  paflage,  in 
prefenting  the  top  long  neglcdcd  Euler  to  the  Britiih  nation.—. 
}t  follows : 

^^ISvftm  liable  to  weaknefles  and  inconiiftenciei  fo  humiliate 

"ing, 
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LETTER  XIX. 

A  drfflerent  S^em  refpciling  the  Nature  of  Rays  and  of 

Lights  propofed. 

YOU  have  feen  that  the  fyftem  of  the  emanation 
of  the  rays  of  light  labours  under  infuperable 
difficulties,  and  that  the  doctrine  of  a  vacuum  for 
the  heavenly  bodies  to  range  in,  is  equally  untenable; 
as  the  rays  of  light  would  completely  fill  it.  Two 
things,  then,  muft  be  admitted:  firft,  the  fpace 
through  which  the  heavenly  bodies  move  is  filled 
wit!i  a  fubtile  matter ;  fecondly,  rays  are  not  an  ac- 
tual emanation  from  the  fun  and  other  luminous 
bodies,  in  virtue  of  which  part  of  their  fubftance  is 

**  ing,  in  our  refearches  into  tlie  phmomena  of  this  viiible  world, 
**  which  lier  open  to  the  examination  of  our  fenfef,  how  wretched 
**  muft  we  have  been  had  God  left  us  to  ourfelvcs  with  refpedi  to 
*•  things  invifiblcy  and  which  concern  our  eternal  falvation  ?  On 
'*  this  important  article  a  Revelation  was  abfolutely  neceflary  to 
^08;  and  we  ought  to  avail  ourfelves  of  it  with  the  mod  pro- 
^,  lb«Dd  veneration.  When  it  prefents  to  us  things  which  may 
^  appear  inconcciTable,  we  have  but  to  refleft  on  the  imperfeAion 
**  of  human  underftanding,  which  is  fo  apt  to  be  mifled,  even  as 
'•  to  feniible  objedb.  Whenever  I  hear  a  pretended  Freethinker 
^'  ioTeighing  againft  the  truths  of  religion,  and  even  fneering  at 
^  it  with  the  moft  arrogant  relf-fufficiency,  I  fay  to  myfelf :  poor 
'*  weak  mortal,  bow  inexprdiibly  more  noble  and  fublime  are  the 
^^  AibjeAa  which  you  treat  fo  lightly,  than  thofe  refpe^ing  which 
'*  the  great  Kevton  was  fo  g^ofsly  miltaken  !  I  could  wifli  your 
~*^gbiie(s  to  keep  this  refle Aion  ever  in  remembrance :  occafiona 
nakini;  it  occur  but  too  frequently."— £•  f  • 

violently 
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violently  emitted  from  them^  according  to  the  doo* 
trine  of  Newton,* 

That  fubtile  matter  which  fills  the  whole  fpace  i» 
which  the  heavenly  bodies  revolve,  is  called  Ether ^ 
Of  it's  extreme  fubtilty  no  doubt  can  be  entertained. 
In  order  to  form  an  idea  of  it,  we  have  only  to  at- 
tend to  the. nature  of  air,  which^  though  extremely 
fubtile,  even  on  the  furface  of  the  earth,  becomes 
more  and  more  ib  as  we  afcend ;  and  entirely  ceaies, 
if  I  may  ufe  the  exprefiion,  when  it  comes  to  be  loft 
in  the  ether.  The  ether,  then,  is  likewife  a  fluid  as 
the  air  is,  but  incomparably  finer  and  more  fubtile^ 
as  we  are  affured  that  the  heavenly  bodies  revolve 

•  The  materiality  of  light  is  fupported  by  the  mod  convincing 
proofs  that  phyfics  can  afford.  The  infleiftion,  refraction,  and  re- 
fledlion  of  it's  rays,  (hew  manifeftly  that,  like  other  bodies,  it  is 
fubjedi  to  attradllon  and  repulfion ;  and  the  iimple  application  of 
the  dodirine  of  forces  not  only  explains  fatisfadlorily  the  pheno-> 
mena,  but  affigns  the  precife  efiedts  with  the  moH:  perfedt  Hccuracy^ 
The  difficulties  which  feem  to  attend  the  theory  of  ernaiiati(Mi  va- 
pi(h  on  a  clofe  inveftigation.  So  vaft  is  the  tenuity  of  light,  that 
}t  utterly  exceeds  the  powers  of  conception. '  The  moft  delicate 
inftrument  has  never  been  certainly  put  in  motion  by  the  iinpulfc 
of  the  accumulated  fun-beams.  Even  on  the  moft  unfavourable 
fuppoiition  it  appears  from  calculation  tbat»  in  the  fpace  of 
385913090^0  Egyptian  years  (of  360  days)  the  fun  would  lofe 


only  the  1,217,420th  of  his  bulk,  from  the  continual  efflux  of  light. 
On  the  fame  hypothefis  the  force  imprefled  upon  the  earth  by  eacl^ 
epiiffion  is  fuch  as  would  make  it  recede  only  the  two  billiontl\ 
part  of  an  inch  in  ^n  hundred  feconds,  and  it*s  efPe^  during  a  itn 
lies  of  ages,  would  therefore  be  altogether  inieniible.  After  flat-* 
ing  numbers  of  a  magnitude  fo  enormous,  it  would  be  fuperfluou* 
tp  popfidcr  the  ^ua»tit^  of  firolBe  wU<^h  the  ^e  ippceiveft 

fredy 


y6  KATURE  OF  RAYS 

fredy  through  it,  without  meeting  any  perceptible 
reiiftancc.  It  is  alfo  without  doubt  pofTefled  of  ela£> 
ticity,  by  means  of  which  it  has  a  tendency  to  ex- 
pand itfeif  in  all  dire6^ions,  and  to  penetrate  into 
(paces  where  there  would  otherwifc  be  a  vacuum ; 
fo  that  if  by  fome  accident  the  ether  were  forced 
out  of  any  fpace,  the  furrounding  fluid  w^ould  in- 
ftantly  ruih  in  and  fill  it  again. 

In  virtue  of  this  elafticity,  the  ether  is  to  he  found 
not  only  in  the  regions  which  arc  above  our  atmo-' 
fphere,  but  it  penetrates  the  atmofphere  univerially, 
infinuates  itfeif  by  the  pores  of  all  bodies,  and  pafles 
irrefiftibly  through  them.  Were  you,  by  the  help 
of  the  air-pump,  to  exhauft  the  air  from  a  receiver, 
you  muft  not  imagine  that  you  have  produced  ap 
abfolute  vacuum ;  for  the  ether ^  forcin;^  itfeif  through 
the  pores  of  the  receiver,  completely  fills  it  in  an  in- 
ftant.  Having  filled  a  glafs  tube  of  the  proper  length 
with  mercury,  and  immerged  it,  when  inverted,  in 
the  ciftern,  in  order  to  make  a  barometer,  it  might 
be  fuppofed  that  the  part  of  the  tube  which  is  higher 
than  the  mercury  is  a  vacuum,  becaufe  the  air  is 
completely  excluded,  as  it  cannot  penetrate  the  pores 
o(  ^afc :  but  this  vacuum  which  is  apparent  only, 
is  undoubtedly  fupplied  by  the  ether,  infinuating  it- 
feif without  the  fmalleft  difficulty. 

It  is  by  this  fubtilty  and  elafticity  of  ether  that  I 
fliall  by  and  by  explain  to  you  the  remarkable  phe- 
nomena of  deftricity.     It  is  even  highly  probable- 
ether  has  an  dafticity  much  fuperior  to  that  of 
!id  that  many  of  the  phenoniena  of  nature  are 

produce4 
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produced  by  means  of  it.  For  my  bwn  part  I  have 
no  doubt  that  the  compreflion  of  the  air  in  gun- 
powder is  the  effect  of  the  elaftic  power  of  ether. 
And  as  we  know  by  experiment  that  the  air  in  it  is 
condenfed  abnoft  looo  times  more  than  common 
air,  and  that  in  this  ftate  it's  dafticity  is  likewife 
lobo  times  greater,  the  elafticity  of  the  ether  muft 
in  this  cafe  be  fo  too,  and  confequently  looo  times 
greater  than  that  of  common  air.  We  fliall  then  have 
a  juft  idea  of  ether,  in  confidering  it  as  a  fluid  in 
many  refpefts  fimilar  to  air,  with  this  difference, 
that  ether  is  incomparably  more  fubtile  and  more 
elaftic* 

Having  feen  then  that  the  air,  by  thefe  very  qua* 
lities,  is  in  a  proper  ftate  for  receiving  the  agitations 
or  fliakings  of  fonorous  bodies,  and  to  diftufe  them 
in  all  direftions,  as  we  find  in  the  propagation  of 
found,  it  is  very  natural  to  fuppofe  that  ether  may 
in  the  fame  circumftances  likewife  receive  agitations 
in  the  fame  manner,  and  tranfmit  them  to  the  great- 
eft  diftances.t    As  the  vibrations  of  the  air  produce 

foundy 

^  This,  perhaps,  is  what  in  modern  times  they  denominate  the 

matter  of  heat. — F.  E, 

« 

"f  The  hypothecs  of  an  ether  is  a  clumfy  attempt  to  preclude 
the  neceifity  of  admitting  aSiioji  atadijtance.  It  has  been  a  receiv-r 
ed  maxim,  that  caufe  and  effed^  mud  exift  in  the  fame  place ;  but 
the  leaft  reflediion  will  convince  us  that,  were  this  principle  true, 
there  could  never  be  any  communication  of  motion.  The  difli^ 
culty  is  really  the  fame,  to  conceive  a<^ion  exerted  at  the  diflance 
of  the  thoufandth  part  of  an  inch,  as  at  that  of  a  thoufand  miles. 
The  particles  of  matter  are  f»r  from  being  in  niutpal  contact,  qther-p 

:  wife 
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foundy  What  will  be  the  cffed  of  thofc  of  ether  ?  YoU 
win  undoubtedly  guefs  at  once  ligit.  It  appears  in 
truth  abundantly  certain,  that  light  is  with  refycA 
to  ether,  what  found  is  with  refped  to  air ;  and  that 
the  rays  of  light  are  nothing  elie  but  the  ihakings  or 
vibrations  tranfinitted  by  the  ether,  as  found  coniifts 
in  the  ihaldngs  or  vibrations  tranfmitted  by  the  air. 

The  fun,  then,  lofes  nothing  of  his  fuljjbuice  in 
this  cafe,  any  more  than  a  bell  in  vibrating ;  and,  in 
adopting  this  fyftem,  there  is  no  reafon  to  apprehend 
that  the  mais  of  this  orb  (hould  ever  fuflfer  any  di- 
minution* What  I  have  (aid  of  the  fun  muft  alio  be 
extended  to  all  luminous  bodies,  fuch  as  fire,  a  wax 
taper,  a  candle,  &c. 

It  will,  undoubtedly,  be  obje£):ed,  that  thele  ter- 
refkrial  luminaries  evidently  wafte,  and  that  unleft 
they  are  continually  fed  and  kept  up,  they  wifl  be 
fpeedily  extinguiflied ;  that  confequently  the  iun 
muft  in  time  be  wafted  away,  and  that  the  parallel 
of  a  bell  is  not  accurate.  But  it  is  to  be  confider- 
ed,  that  thefe  fires,  befides  their  light,  throw  out 
fmoke,  and  a  great  deal  of  exhalation,  which  muft 
be  carefully  diftinguiflied  from  the  rays  of  light. 
Now  the  fmoke  and  exhalation  evidently  occafion  a 
confiderable  diminution,  which  muft  not  be  imputed 

wife  all  bodies  would  have  the  fame  dcnfity,  and  be  totally  inca* 
pablc  of  compreflion.  W^ere  the  univerfc  an  abfolute  plenum ^  mo* 
tion  and  animation  would  for  ever  ceafe.  To  afcribe  to  ether  an 
extreme  rarity,  and  at  the  fame  time  to  ailert  that  it  fills  all  fpace, 
and  j>ervadcs  all  bodies,  is  a  contradiction  in  terms.  But  the  hy- 
pothefis  is  fo  big  with  abfurdity,  that  it  defenres  not  a  particulac 
examination.     Secnote^pm  j^i.'^E,  £• 

to 
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to  the  rays  of  light;  for  were  it  poffiUe  to  fepjwcato 

them  £r(m  the  fmojke  and  other  exhalations^  the  hn^ 

minous  quality  ^iie  would  occafion  no  expenditure* 

Mercury  9^ay,  by  means  of  art^  be  rendered  lumi» 

nous,  as  you  hwe  probably  feen,  and  that  without 

jqiy  diminution  of  it's  fubftauce,  which  proves  that 

light  alone  produces  no  wafle  of  himinous^hodies. 

Thus  though  the  fim  illuminates  the  wliole  world 

by  his  ray^Y  he  lofes  nothing  of  his  own  iiibftance, 

his  light  being  only  the  effeft  of  a  certain  agitation^ 

or  violent  concu£&<m  of  his  minute  particles,  com* 

municated  to  the  adjoining  ether,  and  thence  trani^ 

mitted  in  all  diredions  by  means  of  this  fluid  to  the 

remoted  diftances,  asi  a  bell  when  firuck  commuxu« 

cate$  it'3  own  agitation  to  the  circumambient  air« 

The  more  we  confider  this  parallel  between  fbnorous 

and  luminous  bodies,  the  more  we  ihall  find  it  con* 

formable  to  nature,  and  juftifiable  by  experience ; 

whereas  the  more  we  attempt  to  reconcile  the  |Jie- 

nomena  of  nature  to  the  fyftem  of  emanation,  the 

9U>re  difficulties  we  encounter* 

,  l^iJunCf  1760. 


LETTER  XX. 

Of  the  Propagation  of  Light. 

/T^HE  propagation  of  light  in  the  ether  is  produced 

-*-    in  a  manner  fimilar  to  that  of  found  in  the  airj 

and  juft  as  the  vibrations  occalioned  in  the  partidea 

of  air  conf^tutes  founds  in  like  manner  the-vibrftlioft 

of 
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Cif  the  particles  of  ether  conftitutes  light  or  luminotis 
ray  Mi  fo  that  light  is  nothing  elfe  but  an  agitation  of 
tumuj/ion  of  the  particles  of  ether ^  which  is  every  where 
to  be  found  on  account  of  it's  extreme  fubtilty,  in 
virtue  of  which  it  penetrates  all  bodies. 

Thefe  bodies,  however,  modify  the  rays  of  light 
in  many  different  ways,  by  tranfinitting  or  (topping 
the  propagation  of  the  concuflions.  Of  this  I  fhaU 
treat  at  large  in  the  fequeL  I  confine  myfelf  at  pre« 
fent  to  the  propagation  of  rays  in  the  ether  itfelf, 
which  fills  the  immenfe  fpace  in  which  the  heavenly 
bodies  revolve.  There  the  propagation  takes  place 
in  perfeft  liberty.  The  firft  thing  which  here  pre- 
fents  itfelf  to  the  mind  is  the  prodigious  velocity 
of  the  rays  of  light,  which  is  about  900,000  times 
more  rapid  than  that  of  found,  though  this  laft  tra« 
vels  no  lefs  than  1000  feet  in  a  fecond. 

This  amazing  velocity  would  be  fufficient  of  itfelf 
to  overturn  the  fyftem  of  emanation  j  but  in  that 
which  I  am  attempting  to  eftabliih,  it  is  a  natural 
confequence,  from  the  principles  laid  down,  as  I  hope 
to  demonftrate.  They  are  the  lame  with  thofe  on 
which  is  founded  the  propagation  of  found  in  the 
air,  and  this  depends  at  once  on  it's  denfity  and  elai^ 
tidty.  It  is  evident  that  if  the  denfity  of  air  were 
diminiihed,  found  would  be  accelerated,  and  if  the 
elafticity  of  the  air  were  increafed,  the  fame  thing 
would  happen.  If  the  denfity  of  the  air  diminifhec^ 
and  it's  elafticity  increafed  at  once,  we  ihould  have 
?  " "  i  reafon  for  the  increafe  of  the  velocity  of 

'18  conceive,  then,  the  denfity  of  the  air 

diminiihedt 
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diihiniihed,  and  it's  elafticity  increaied,  till  it's  den- 
fity  and  elafticity  became  equal  to  thofe  of  ether,  and 
we  fliould  then  no  longer  be  furprifed  that  the  velo- 
city of  found  had  become  many  thou&nds  of  times 
greater  than  it  adually  is.  For  you  will  be  pleafed 
to  remember,  that,  according  to  the  firft  ideas  we 
formed  of  ether,  this  fluid  muft  be  inconceivably 
rarer,  and  more  daftic  than  air.  Now  both  of  thefc 
qualities  equally  contribute  to  accelerate  the  velocity 
of  vibrations.  From  this  explanation,  the  prodigious 
velocity  of  light  is  fa  £air  from  prefenting  any  thing 
irrecondleable  to  reafon,  that  it  rather  perfedly  har- 
monizes with  the  principles  laid  down ;  and  the  pa- 
rallel between  light  and  found  is  in  this  refped  fo 
firmly  eftablifhed,  that  we  may  confidently  maintain. 
That  if  air  fhould  become  as  fubtile  and  as  elaftic  as 
ether,  the  velocity  of  found  would  become  as  rapid 
as  that  of  light. 

The  fubtlity  of  ether,  then,  and  it's  great  elafti- 
city, are  the  reafon  which  we  aflign  for  the  prodi- 
gious velocity  of  the  motion  of  light ;  and  fo  long  as 
the  ether  preferves  this  fame  degree  of  fubtlity  and 
elafticity,  tlus  velocity  muft  continue  the  fame.  Now 
it  cannot  be  doubted  that  the  ether  has,  through  the 
whole^  univerfe,  the  feme  fubtlity  and  the  fame  dat 
tidty.  For  were  the  ether  lefi  daftic  in  one  place 
than  in  another,  it  would  force  itfdf  into  it  till  the 
equilibrium  was  pcrfedly  reftored.  The  light  of  the 
fiars,  therefore,  moves  with  as  great  vdocity  as  that 
of  the  fim;  and  as  the  ftars  are  at  a  much  greater 
diftance  from  us  than,  the  fun,  a  much  greater  quan- 
-   Vout  G  tity 
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tity  of  time  is  requifite  to  tranfmit  their  rays  to  u&r 
However  great  the  diftance  of  the  fun  may  appear^ 
whofe  rays,  neverthelels,  reach  the  furface  of  our 
globe  in  eight  minutes,  the  fixed  ftar  neareft  to  us  is 
at  leaft  400,000  times  more  diftant  than  the  fun:  a 
ray  of  light  iffuing  from  that  ftaf  will  employ  then 
400,000  times  eight  minutes  in  travelling  to  us,  that 
is  53,333  hours,  or  2,222  days,  or  fix  years  nearly. 
It  is  then  upwards  of  fix  years  fince  the  rays  of 
lightv  iflued  from  that  fixed  ftar,  the  leaft  remote  and 
probably  the  moft  brilliant,  in  order  to  render  it  vi- 
fiblc  to  us,  and  thefe  rays  have  employed  a  period  io 
confiderablc  to  fly  through  the  fpace  which  feparates 
us  from  that  ftar.  Were  God  juft  now  to  create  a 
new  fixed  ftar,  at  the  fame  difi^knce,  it  could  not  be- 
come vifible  to  us  till  more  than  fix  years  had  dapfed, 
as  it's  rays  require  that  length  of  time  to  travel  this 
diftance.  Had  one  been  created  at  the  beginning  of 
the  world  a  thoufand  times  more  diftant  than  that 
which  I  have  mentioned,  it  could  not  yet  be  vifible 
to  us,  however  brilliant,  as  6000  years  arc  not  yet 
elapfed  fince  the  Creation.  The  firft  preacher  of  the 
court  of  Brunfwick,  Mr.  Jerufalem,  has  happily  in- 
troduced this  thought  in  one  of  his  fermons }  the 
pafFage  runs  thus: 

"  Raife  your  thoughts,  from  the  earth  which  yo^ 
"  inhabit  to  all  the  bodies  of  the  vaft  univerfij,  which 
*^  are  fo  far  above  you :  launch  into  the  immenfity 
'^  of  fpace  which  intervenes  between  the  moft  re- 
mote which  your  eyes  are  able  to  difcover^  and 
thofe  whofe  light,  from  the  moment  yof  c;reatioii 
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t 

*^  till  now,  has  not  as  yet,  perhaps,  come  down  to  us. 
**  .The  immenfity  of  the  kingdom  of  God  jnftifies 
**  this  reprefentation."  (Sermon  on  the  Heavens j  and 
Eternal  Beatitude.) 

I  flatter  myfdf  that  thefe  reflexions  will  excite  a 
defire  of  further  inflxudion  refpefting  the  fyftem  of 
light,  from  which  is  derived  the  theory  of  colours, 
and  of  vifion. 

I  'jtb  Juncy  1 760. 
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DigreJ/ion^  on  the  Dijlantes  of  the  Heavenly  Bodies^  and 
on  the  Nature  of  the  Sun^  and  bis  Rays. 

'THHE  obfervations  which  I  have  been  making  re 
-■"  Reding  the  time  which  the  light  of  the  ftars 
employs  in  making  it's  progrefs  down  to  us,  convey 
a  fhiking  idea  of  the  extent  and  greatnefs  of  the 
univerfe.  The  velocity  of  found,  which  flies  through 
the  fpace  of  looo  feet  in  a  fecond,  fiirniflxes  us  with 
nearly  the  firfl:  ftandard  of  meafurement.  It  is  about 
200  times  more  rapid  than  the  pace  of  a  man  who 
is  a  good  walker.  Now  the  velocity  of  the  rays  of 
light  is  900,000  times  Hill  more  rapid  than  that  of 
found :  thefe  rays  accordingly  perform,  every  fecond, 
a  courfe  of  900  millions  of  feety  or  37,500  German 
miles.* 

What  aftonifliing  velocity !  Yet  the  neareft  fixed 


*  Mo*e  than  1 70,000  utiles  Englifli.— £.  E. 
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Itar  IS  fo  remote,  that  it's  rays,  notwithftanding 
tliis  prodigious  velocity,  would  take  more  than  fix 
years  in  defcending  to  us.  And  were  it  poflible  for 
a  great  noife,  fuch  as  that  of  the  firing  of  a  cannon, 
iffuing  from  that  ftar,  to  be  conveyed  to  our  ears,  it 
would  require  a  period  of  5,400,000  years  to  reach 
us.  And  this  is  applicable  only  to  thofc  ftars  which 
are  the  moft  brilliant,  and  are  probably  neareft  to  us. 
Thofe  which  appear  the  fmalleft  are,  very  probably, 
Icn  times  ftill  farther  remote,  and  more.  A  whole 
century  then,  at  leaft,  muft  elapfe,  before  the  rays  of 
thcfc  ftars  could  poflibly  reach  us.  How  prodigious 
muft  that  diftance  be,  which  cannot  be  paffed  through 
in  Icfs  than  1 00  years,  by  a  velocity  which  flies  at 
the  rate  of  37,500  German  miles  every  fecond ! 

Were,  then,  one  of  thefe  ftars  to  be  juft  now  an- 
nihilated, or  cdipfed  only,  we  Ihould  ftill  continue 
to  fee  it  for  1 00  years  to  come,  as  the  laft  rays  which 
it  emitted  could  not  reach  us  in  lefs  time. 

The  generality  of  mankind  is  very  far  from  hav- 
ing any  thing  like  juft  ideas  refpefting  th6  vaft  ex- 
tent of  the  univerfe.  Many  confidcr  it  as  a  work  of 
little  importance,  which  chance  alone  might  have 
produced.  But  what  muft  be  the  aftonifhment  of 
•one  who  reflcfts,  on  obferving,  that  all  thefe  im- 
menfe  bodies  are  arranged  with  the  moft  confum- 
mate  wifdom,  and  that  the  more  knowledge  we  ac- 
quire on  the  fubjeA,  though  it  muft  ever  be  very 
jnipcrfeft,  the  more  we  muft  be  difpofed  to  admire 
-their  order  and  magnificence  ? 

'cturn  to  the  great  luminous  bodies,  and  parti-. 

cularly 
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cularly  the  fun,  which  is  the  principal  fource  of  the 
light  and  heat  which  we  enjoy  on  the  earth.  It  will 
be  aiked,  in  the  firft  place.  Wherein  confifts  the  light 
which  the  fun  is  inceilantly  difiiifing  through  the 
whole  uniyerfe,  without  ever  fuffering  the  fmalleft 
diminution?  The  anfwer  is  obvious,  according  to 
the  fyftem  which  I  have  been  endeavouring  to  eftab- 
lifb.  But  that  of  emanation  furniihes  no  iatisfadory 
folution.  The  whole  univerfe  being  filled  with  that 
extremely  fubtile  and  elaftic  fluid,  which  is  called 
ether,  we  muft  fu|^fe,  in  all  the  parts  of  the  fun, 
an  incefiant  agitation,  by  which  every  particle  is  in 
a  confiant  motion  of  vibration,  and  this,  by  com- 
municating itfelf  to  the  circumambient  ether,  excites 
in  that  fluid  a  fimilar  agitation,  and  is  thence  tranf- 
mitted  to  regions  the  moft  remote,  with  the  rapidity 
which  I  have  been  defcribing. 

And,  to  keep  up  the  parallel  between  found  and 
light,  the  fun  would  be  in  a  ftate  fimilar  to  that  of  a 
beU  which  fliould  be  ringing  continually.  The  par- 
ticles of  the  fun  muft,  confequently,  be  kept  in  this 
inceflant  agitation,  to  produce  in  the  ether  the  un- 
dulations which  we  call  rays  of  light.  But  it  is  ftill 
no  cafy  matter  to  explain,  by  what  power  this  agi- 
tation in  the  particles  of  the  fun  is  conftantly  kept 
up,  as  we  obferve,  that  a  match  does  not  long  con- 
tinue burning,  but  prefently  goes  out,  unkfs  it  be 
fupplied  with  combuftible  matter.  But  it  muft  be 
remarked,  that  as  the  fun  is  a  mafs  many  thoufand 
times  greater  than  our  whole  globe,  if  it  is  once 
thoroughly  inflamed,  it  may  continue  in  that  ftate 
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for  feveral  ages,  without  fufFering  any  fenfible  dimi- 
nution. Befides,  the  cafe  is  not  the  fame  with  the 
fun  and  our  fires  and  candles,  a  confiderabk  part  of 
whofe  fubftance  is  diffipated  in  finoke  and  exhala^ 
tions,  from  which  a  real  wafte  refults.  Whereas, 
though  perhaps  fome  particles  may  be  forced  from 
the  fun  in  form  of  finoke,  they  cannot  remove  to  a 
great  diftance,  but  fpeedUy  fall  back  into  it's  mais,  fo 
that  there  cannot  be  any  .real  expenditure,  to  occa* 
fion  a  diminution  of  his  fubftance.* 

The  only  thing  of  which  we  are  ftiU  ignorant  re- 
ading this  fubjed,  is,  the  power  which  incefiantly 
maintains  all  the  particles  of  the  fun  in  this  agita- 
tion. But  as  it  contains  nothing  inconfiftent  with 
good  fenfe,  and  as  we  are  imder  the  neceffity  of  ac- 
knowledging our  ignorance  of  many  other  things 
much  lefs  remote  than  the  fun,  we  ought  to  be  iatif- 
fied,  if  our  ideas  are  not  involved  in  contradi^on. 

21;?  Junei  1760. 

*  The  Author  is  evidently  embarraifed  in  his  explanation  of  the 
continual  inflammation  of  the  fun.  And  though  he  has  {aid  above, 
that  the  fyflem  of  emanation  was  untenable,  on  account  of  the 
frequent  and  unavoidable  collifibn  of  rays  proceeding  from  dif- 
ferent luminous  bodies,  which  mud  difturb,  and  even  obftrud  the 
viiion  of  feveral  of  thefe  bodies  at  once,  as  he  has  not  explained 
bow  two  founds  may  be  heard  at  the  fame  time,  afimilar  objec- 
tion might  be  made  to  his  fyftcm,  which  is  analogous  to  the  phe- 
nomena of  found.->F,  £, 


LETTER 


NATURE  OF  LUMINOUS  BODIES.  87 


LETTER  XXII. 

Elucidations  on  the  Nature  of  luminous  Bodies^  and  their 
Difference  from  opaque  Bodies  illumined. 

nr^HE  fun  being  a  himinous  body,  whofe  rays  artf 
-*"  univerfally  diffufed  in  all  direftions,  you  can 
no  longer  be  at  a  lofs  to  account  for  this  wonderful 
phenomenon,  which  confifis  in  the  ihaking,  or  vibra^ 
lion,  with  which  all  the  particles  of  the  fun  arc  agi- 
tated. The  parallel  of  a  bell  lends  confiderable  af«. 
fiftance  toward  the  explanation  of  this  faft.  But  it 
is  obvious,  that  the  vibrations  produced  by  light, 
muft  be  much  more  vehement  and  rapid  than  thofe 
produced  by  found,  ether  being  incomparably  more 
fubtile  than  air.  A  feeble  agitation  not  being  capable 
of  ihaking  the  air  fo  as  to  produce  found  in  it,  that . 
of  a  bell,  and  of  all  other  fonorous  bodies,  are  too 
feeble  relatively  to  ether,  to  produce  in  it  the  vibra- 
tion which  conftitutes  light. 

You  will  recoiled,  that  in  order  to  excite  a  per- 
ceptible found,  more  than  30,  and  lels  than  7552  vi- 
brations muft  be  produced  in  a  fecond ;  the  air  being 
too  fubtile  to  admit  of  a  fenfible  efied  from  a  found 
confifting  of  lefs  than  30  vibrations  in  a  fecond,  out 
not  fufficiently  fo  to  receive  one  of  more  than  7552 
vibrations  in  the  fecond.  '  A  note  higher  than  this 
could  not  be  at  all  heard.  It  is  the  fame  with  refped 
to  ether;  7552  vibrations,  produced  in  a  fecond, 
could  not  poffibly  aft  upon  it,  becaufe  of  it's  greater 
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fubtilty.  It  requires  vibrations  much  more  fre- 
quent. An  a^tation  fo  rapid  could  not  take  place 
but  in  the  minuteft  particles  of  bodies  which  elude 
our  (enfes.  The  light  of  the  fun,  then,  is  produced 
by  a  very  violent  agitation,  which  zSt&s  all  his  in- 
finitely minute  particles,  each  of  which  muft  ihake 
many  thoufands  of  times  every  iecond. 

It  is  a  iimilar  agitation  which  likewiie  producer  ^ 
the  light  of  the  fixed  liars,  and  of  all  fires,  fuch  as 
candles,  tapers,  torches,  &c.  which  give  us  light,  and 
fupply  the  place  of  the  fun  during  the  night.  On 
attentively  obferving  the  flame  of  a  wax-light,  you 
will  eafily  perceive  that,  in  the  minuteft  particles, 
there  is  a  confiant  and  furprizing  agitation ;  and  I 
do  not  apprehend  that  my  fyftem  is  liable  on  this 
fide  to  any  contradiction,  while  that  of  Newton  re- 
quires a  moft  enormous  agitation,  capable  of  launch- 
ing the  minuteft  particles  witli  the  velocity  of  37*500* 
German  miles  in  a  fecond. 

This,  then,  is  the  explanation  of  the  nature  of 
bodies  luminous  of  themfelves :  for  there  arc  himi- 
Hous  bodies  which  are  not  fo  immediately,  fuch  as 
the  moon  and  the  planets,  which  are  fimilar  to  our 
globe*  Wc  fee  the  moon  only  when,  and  in  as  fiu: 
as,,  file  is  illuminated  by  the  fun ;  and  this  is  the  cafe 
of  all  terreftrial  bodies,  fires  excepted,  which  have  si 
light  of  their  own.  But  other  bodies,  which  are  de- 
Aominated  opaque,  become  vifible  to  us  only  when 
they  are  illuminated  by  fbme  lummous  body. 

In  aTery-darJc  night,  or  in  an  apartment,  lb  dofely 

*  tjpwards  of  170,000  Engliih  miles. 
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ihut  on  every  fide,  that  no  light  can  find  admiflion, 
to  no  purpofe  will  you  turn  your  eyes  toward  the 
objeds  which  furround  you  in  the  dark :  you  per- 
ceive nothing.  But  the  moment  a  taper  is  intro- 
duced, you  immediately  fee,  not  the  taper  only,  but 
the  other  bodies  which  were  before  invifible.  We 
have  here,  then,  a  very  eflential  diflFerencc  between 
luminous  and  opaque  bodies.  I  have  already  em- 
ployed the  term  opaque  to  denote  bodies  which  arc 
not  tranfparent ;  but  it  comes  to  almofi:  the  fame 
thing,  and  we  mufl:  acconunodate  ourfelves  to  the 
common  modes  of  expreflion,  though  they  are  not 
perfe6Uy  accurate.  Luminous  bodies  are  vifible  by 
their  own  light,  and  never  afiecl  our  organs  of  fight 
more  than  when  the  darknefs  is  otherwife  mofl:  pro- 
found. Thofe  which  I  here  denominate  opaque,  are 
rendered  vifible  to  us  only  by  means  of  a  light  that 
is  foreign  to  them.  We  perceive  them  not  while 
they  remain  in  darkneis ;  but  as  foon  as  they  are  ex« 
pofed  to  a  luminous  body,  whofe  rays  ftrike  upon 
them,  they  become  vifible;  and  they  disappear  the 
moment  that  foreign  light  is  withdrawn.  It  is  not 
even  neceflary,  that  the  rays  of  a  luminous  bodhr 
ihould  fall  upon  them  immecfiatdy ;  another  opaqde 
body,  when  well  illuminated,  produces  nearly  the 
lame  efiedt,  but  in  a  feebler  manner. 

The  moon  is  an  excellent  inftance..  We  know  that 
the  moon  is  an  opaque  body ;  but  when  Ihe  is  illu- 
minated by  the  fun,  and  we  fee  her  during  the  night, 
ihe  difiiifes  a  feeble  light  over  all  opaque  bodies,  and 
renders  vifible  to  us  thofe  which  we  could  not  have 

perceived 
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perceived  without  her  affiftancc.  Placed  in  the  day 
time  in  an  apartment,  whofc  afped  is  toward  the 
north,  and  into  which,  of  courfc,  the  rays  of  the 
fun  cannot  enter,  it  is,  however,  pcrfecUy  clear,  and 
I  am  able  to  diftinguifli  ever)'  object.  What  can  be 
the  caufe  of  this  clearncfe,  but  that  the  whole  heaven 
is  illuminated  by  the  fun  ?  What  we  call  the  azure 
iky,  and  befides,  the  walls  oppofite  to  my  apartment, 
and  the  other  furrounding  objects,  are  likewife  illu- 
minated, either  immediately  by  the  fun,  or  mediately 
by  other  opaque  bodies,  expofed  to  the  action  of  that 
focus  of  light ;  and  the  light  of  all  thefe  opaque,  but 
illuminated,  bodies,  as  far  as  it  has  admiflion  into 
my  apartment,  renders  it  luminous,  and  that  in  pro^ 
portion  as  the  windows  are  high,  wide,  and  well 
placed.  The  glafs  is  little  or  no  interruption,  being, 
as  I  have  already  remarked,  a  tranfparent  body, 
which  freely  tranfmits  the  rays  of  light. 

When  I  cciiipletely  exclude  the  light  from  the 
apartment,  by  clofing  the  window-fliuttcrs,  I  am  re* 
duced  to  a  ftate  of  darknefs,  and  difcern  no  objed, 
anleis  I  call  for  a  candle.  Here,  then,  is  an  efiential 
diffierence  between  luminous  and  opaque  bodies ;  and 
likewife  a  very  ftriking  refemblance,  namely,  that 
opaque  bodies,  when  illuminated,  illuminate  other 
opaque  bodies,  and  produce,  in  this  refpect,  nearly 
tiie  fame  eflFeft  as  bodies  luminous  of  themfelves. 

le  explanation  of  this  phenomenon  has,  hitherto, 

JKfJfy  perplexed  philofophers,  but,  I  flatter  myfelf^ 

^  my  folution  of  it  has  been  clear  and  fatisfaftory. 

LETTi;R 


OPAQU£  BODIES,  &C«  ^t 

LETTER  XXffl. 

Haw  Opaque  Bodies  become  vijible.     Newian^s  Syjlem^  of 
the  RejleSion  of  Rays^  propofed. 

T3EF0RE  I  attempt  an  explanation  of  the  pheno* 
-*-'  menon  of  opaque  bodies  becoming  vifible  wLea 
they  are  illuminated,  it  muft  be  remarked,  in  gene- 
ral, that  we  fee  nothing  but  by  means  of  the  r^ys 
which  enter  into  our  eyes.     When  we  look  at  any 
objeft  whatever,  rays  iffuing  from  every  point  of 
that  objeft,  and  entering  into  the  eye,  paint  upon  it, 
if  I  may  life  the  expreffion,  the  image  of  the  objeft. 
This  is  not  mere  conjefture,  but  may  be  demonftrated 
by  experiment.   Take,  for  example,  the  eye  of  an  ox, 
or  of  any  animal  recently  killed,  and,  after  having 
uncovered  the  bottom,  you  find  all  the  objeds  which 
were  before  it  painted  there.    As  often  then  as  wc 
fee  an  objeft,  the  image  of  it  is  painted  on  the  bot* 
tom  of  our  eyes ;  and  this  is  produced  by  the  rays 
which  proceed  from  the  objefl:  to  us.     I  fhall  after- 
wards take  occajSon  to  go  into  a  more  minute  detail 
on  the  fubjed  of  vifion,  and  explain  in  what  manner 
the  images  of  objeds  are  formed  on  the  bottom  of 
the  eye :  let  this  general  remark  fu£Slce  for  the  prefent. 
-As  we  fee  opaque  bodies  only  when  they  are  illu- 
'  minated,  this  is  a  proof,  that  there  muft  proceed 
from  every  point  of  thefe  bodies  rays  of  hght  which 
fubfift  only  during  the  illumination.    The  moment 
they  are  placed  in  the  dark  thefe  rays  diiappear. 
They  ve  not  proper  then  to  opaque  bodies ;  thdr 

ori^ 
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ori^  muft  be  fought  in  the  manner  in  which  other 
bodies  illuminate  them.  And  this  is  the  great  quef- 
tion.  How  illumination  alqne  is  capable  of  producing 
rays  on  opaque  bodies,  or  of  putting  them  in  nearly 
the  fame  ftate  as  luminous  bodies  are,  which,  by  an 
agitation  in  their  minuteil  particles,  produce  rays  of 
Kght  ? 

The  great  Newton^  and  other  philofophers,  who 
have  examined  the  fubjeft,  affign  reflexion  as  the 
caufe  of  this  phenomenon :  it  is,  therefore^  of  the 
higheft  importance,  that  you  ihould  form  a  juft  idea 
of  what  is  called  refibftion. 

This  name  is  given  to  the  repulfion  of  one  body 

firuck  againft  another,  as  may  be  feen  in  the  game 

of  billiards.     When  the  ball  is  ftruck  againft  the 

cufliion  or  ledge  of  the  billiard  table,  it  recoils  again ; 

and  this  retrograde  motion  is  termed  refleftion.     It 

is  neccflary,  here,  to  attend  to  a  diftinclion  between 

two  cafes.     Let  us  fuppofe  A  B  f plate  I./g.  7.)  to  be 

the  ledge  of  a  billiard  table.     The  firft  cafe  is  this : 

When  you  play  the  ball  D  perpendicularly  againft 

the  ledge,  in  the  direction  of  D  C,  perpendicular  to 

A  B,  and,  confcquently,  the  adjacent  angles  A  C  D^ 

and  BCD,  are  right  angles :  in  this  cafe,  the  ball 

will  be  driven  back,  or  reflefted,  in  the  fame  line 

D  C.     The  other  cafe  is,  when  the  ball  is  played 

obliquely  againft  the  ledge,  fuppofe  in  the  line  E  C, 

forming,  with  A  B,  an  acute  angle  ACE,  this  is 

called  the  angle  of  incidence.     The  ball  will,  in  this 

<:aib,  be  repelled  from  the  ledge,  in  the  direftion  of 

the  line  C  F,  fo  that  this  line  fliall  make,  on  the  other 

fide, 
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fide,  with  the  ledge  B  C,  an  angle  B  C  F,  exafHy 
equal  to  the  angle  of  incidence  ACE.  This  an^c, 
B  C  F,  formed  by  the  line  in  which  the  ball  recoils, 
is  called  the  angle  of  refleftion.  And  this  law  always 
takes  place  when  a  body  in  motion  meets  with  an 
obftacle. 

A  cannon  ball,  Ihot  agsunft  a  wall  fufficiently 
ftrong  to  refift  it,  is  refleftcd  conformably  to  this 
law.  It  extends,  in  like  manner,  to  founds,  which 
are  frequently  refleded  from  certain  bodies;  and 
you  know  that  this  refledion  of  found  is  called 
echo.  It  cannot  be  doubted,  that  the  fame  thing 
frequently  takes  place  with  refpeft  to  the  rays  of 
light.  The  obje£b  which  we  fee  in  mirrors,  are  re- 
prefented  to  us  by  the  refleftion  of  rays,  and  every 
well  poliftied  furface  reflefts  the  rays  of  light  which 
fall  upon  it.  It  is  undoubtedly  certain,  therefore, 
that  there  are  cafes  without  number  in  which  the 
rays  that  fall  on  certain  bodies  are  reflefted ;  and 
philofophers  have  thence  taken  occafion  to  maintain, 
that  opaque  bodies  are  rendered  vifible  by  means  of 
reflefted  rays. 

I  fee  juft  now  houfes,  oppofite  to  my  windows, 
which  are  illuminated  by  the  fun.  According,  then, 
to  the  opinion  of  thofe  philofophers,  the  rays  of  the 
fun  faffiirig  on  the  furface  of  thefe  houfes,  are  refied- 
ed  front  them ;  they  enter  into  my  apartment,  and 
render  thefe  houfes  vifible  to  me.  In  the  fame  man- 
ner, if  t^  believe  thofe  philofophers,  the  moon  and 
the'  pkndtSs  become  vifible,  and  thefe  are,  unqueftion- 

;*ly,  tei)iaiiitie'  bodies.    Thfe,  Td(y4  of  the  fun  which 
t.  i..,  fall 
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fall  on  thcfe  bodies,  and  illuminate  the  parts  whick 
are  expofed  to  them,  are  refleded,  and  are  thence 
tranfmitted  to  us,  juft  as  if  the  bodies  were  Itoni- 
nous  of  themfelves.  According  to  this  opinion^  we 
fee  the  moon  and  the  planets  only  by  the  rays  of  the 
fun  which  they  rcfleft;  and  you  muft  frequently 
have  heard  it  affirmed,  that  the  light  of  the  moon  is 
a  refie^on  of  the  light  of  the  fun.  In  the  fame 
manner,  fay  they,  the  rays  of  the  fun  are  refleded 
by  the  firft  opaque  bodies  which  are  expofed  to 
them,  on  other  bodies  of  the  fame  nature,  and  un- 
dergo a  feries  of  fimilar  refledions,  till  they  are  en- 
tirely weakened. 

But,  however  plaufible  this  opinion  may  at  ftriH 
fight  appear,  it  involves  fo  many  abfurdities,  when 
dofely  examined,  that  it  is  abfolutely  untenable, 
which  I  hope  to  demonftrate,  as  a  preparation  for 
the  true  folutibn  of  this  phenomenon, 
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Examination  and  Refutation  of  Newton* s  Sjftem. 

T  AFFIRM,  then,  that  when  we  fee  an  opaque  body 
^  illuminated  by  the  fun,  it  is  impoffiUe  to  maiiw 
tain  that  it  refleds  luminous  rays,  and  that,,  by 
means  of  fuch  rays,  it  is  rendered  vifiUe  to  us^  The 
example  of  a  mirror,  which,  undoubtedly,  refleAs 
the  rays,  and  is  employed  to  fu j^rt  this  Ojpniosiy 

rather 


OF  Newton's  system.  95 

rather  confutes  it.  The  mirror,  beyond  contradic- 
tion, fends  back  the  rays  which  fall  upon  it ;  but 
when  thefe  rcflefted  rays  enter  into  our  eyes.  What 
do  they  reprefent  ?  You  will  readily  anfwer,  that  it 
is  not  the  mirror,  but  the  objeds  from  which  they 
originally  proceeded ;  and  the  refleftion  does  nothing 
dfe,  but  enable  us  to  fee  thefe  obje£ls  in  another 
place.  Befides,  we  fee  thofe  objefts,  not  on  the  fur- 
face  of  the  mirror,  but  rather  within  it,  and  it  may 
be  faid  with  truth,  that  the  mirror  itfelf  remains  in- 
vifible  to  us. 

But,  on  looking  at  an  opaque  body  illuminated  by 
the  fun,  we  do  not  fee  in  it  the  image  of  that  ^ori- 
ous  orb ;  we  fee  only  the  furfisice  of  the  bodies,  with 
all  the  variations  to  be  found  on  them.  We  per- 
ceive, then,  a  very  effential  difference  between  the 
rays  which  are  reflefted  from  a  mirror,  and  thoie  by 
means  of  which  opaque  bodies  are  rendered  vifible. 
But  there  is,  befides,  another  difference  equally  pal- 
pable in  the  mirror ;  for  on  changing  the  place  of 
the  objefts,  or  our  own  fituation,  the  appearance 
will  always  change,  and  the  rays,  refleded  from  the 
mirror,  will  continually  reprefent  to  our  eyes  other 
images,  correfponding  to  the  nature  and  pofition  of 
the  objefts,  and  to  the  place  where  we  are  ftationed : 
but,  as  I  have  already  faid,  thefe  refleded  rays  never 
neprefent  to  us  the  mirror  itfelf. 
•  Now,  let  a  body  be  illuminated  by  the  fun,  or 
other  bodies,*  whether  luminous  or  opaque,  akeady 

A  1  . 

ffltinaindted ;  in  whatever  manner  this  body  may 
iJi^iqge,  it's  place,  or  we  change  our*s  relatively  to  it, 

b  Its 
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it's  appearance  is  always  the  fame ;  we  fee  always  the 
fame  object,  and  remark  in  it  no  change  relative  to 
the  different  circumftances  above  mentioned.  Thig 
fumiihes  a  new  proof,  that  we  do  not  fee  opaque 
bodies  by  means  of  the  rays  reflcfted  from  their  for- 
fiic&* 

*  This  can  hardly  be  deemed  a  fair  ftatement.  It  is  trnc,  that 
opaque  bodies  are  feen  only  by  re£edted  light,  but  it  by  no  meaaf 
follows,  tliat  all  the  incident  light  is  again  refledled.  Somebo- 
dies are,  by  their  conftitution,  difpofcd  to  reflcft  certain  kinds  of 
rays  the  raoft  freely,  and  as  the  reft  are  abforbed,  the  peculiar  co- 
lour predominates.  This  colottr  will,  therefore,  not  be  the  fame, 
whatever  be  the  quality  of  the  incident  light,  but  will  recciTC  an 
analogous  ihade.  For  the  fame  reafon,  no  fubilance  reflet  only 
one  fpecies  of  rays.  The  elective  attradiions  and  repuliions,  be- 
tween the  particles  of  light  and  a  body,  are  moll  remarkable  at 
very  minute  di(lances  ;  and  hence  the  colour  is  prominent  when 
the  furface  is  rough,  for  the  light,  fuffering  then  a  partial  repul- 
iion  only,  gains  a  nearer  approach.  I  cannot  imagine  how  Mr* 
£uler  would  explain  thefc  fadls  on  his  owti  principles. 

It  is  in  a  polilhed  furface  only,  that  the  furrounding  bodies  can 
be  feen  by  rcfledlion,  for  diftind  vifion  requires  the  rays,  pro- 
ceeding from  different  points,  to  be  tranfmitted  with  regularity. 
Ko  fubilance  is,  indeed,  perfe(5lly  fmooth,  but  the  different  re- 
puliions, exerted  by  the  fuperficial  particles,  may  balance  each 
other,  and  produce  an  uniform  efFcd,  at  the  diilance  where  the 
refie<^ion  takes  place.  Mr.  Euler's  principles  would  lead  to  thfc 
concluiion,  that  poliih  is  not  at  all  neccflary  to  a  mirror.  Echo 
IS  formed  from  furfaces  which  are  very  uneven,  iince  the  air  is 
heaped  on  the  obftacle,  and  the  principal  reflux  of  the  undulation 
commences  at  a  fenfible  diftance  from  it.  The  fame  obtains  ill 
water,  though  in  a  lefs  degree ;  and  is,  in  general,  more  remark* 
able,  in  proponion  to  the  rarefadion  of  the  fluid.  How  wondcr- 
^•1  then,  in  that  refpeft,  muft  ether  be,  which  is  fuppofed  to  be 
"ft  fubtlc  of  all  fluids  ?  We  might  expeft  the  walls  of  a 
*"^«*  the  moil  enchanting  pifturc  of  the  landfcape  in 
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An  obgeftion  -will,  perhaps,  be  ftarted,  drawn  from 
,the  dove's  neck,  and  certain  kinds  of  ftuflF,  which 
prefent  different  objefts,  according  as  our  point  of 
view  changes.  But  this  in  no  refpeft  weakens  my 
condufion  with  regard  to  .  ordinary  opaque  bodies, 
which  are  not  fubjeft  to  this  change.  The  objection 
only  proves,  that  thefe  Angular  objefts  are  endowed 
with  certain  qualities.:  as,  for  example,  that  their 
minuter  particles  are  finely  polifhed,  and  that  a  real 
refledtion  takes  place,  befide  the  ufual  and  ordinary 
manner  in  which  bodies  are  rendered  vifible  to  us.  . 

Now,  it  is  eafy  to  comprehend,  that  this  reflec- 
tion muft  be  dearly  diftinguilhed  from  the  manner 
in  which  ordinary  opaque  bodies  are  illuminated. 

Finally,  the  rays  reflefted  from  a  mirror  always 
reprefent  to  us,  likewife,  the  colours  of  the  bodies 
from  which  they  originally  proceed,  and  the  mirror, 
which  reflefts,  makes  no  change  in  this  refpeft.  One 
opaque  body  illuminated  by  any  other  body,  in 
whatever  manner,  always  pfrefents  the  fame  colours ; 
and  every  body  may  be  faid  to  have  it's  proper  co- 
lour. This  circumftance  abfolutely  overturns  the 
opinion  of  all  thofe  who  maintain,  that  we  fee 
opaque  bodies  by  means  of  the  rays  which  their  fur- 
face  refleds. 

Putting  together  all  the  reafons  which  I  have  now 
fubmitted  to  your  confideration,  there  can  be  no  he- 
fitation  in  pronouncing,  that  this  opinion  is  totally 
untenable  in  philofophy,  or  rather,  in  phyfics.  I 
cannot,  however,  flatter  myfelf  with  the  hope,  that 
philofbphers,  wedded  to  opinions   once  adopted, 
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fliould  yield  to  thefe  reafons.  But  the  naturalift, 
who  is  more  nearly  related  to  the  mathematician, 
will  have  lefs  difficulty  in  refigning  an  opinion,  over- 
thrown by  reafons  fo  convincing.  You  will  again 
recolle6b  what  Cicero  has  faid  on  this  fubjeft :  That 
nothing  fo  abfurd  can  be  conceived,  as  not  to  be  fup- 
ported  by  fome  philofopher.  In  faft,  however  ihrange 
the  fyftcm  which  I  have  been  refuting  may  appear 
to  you,  it  has,  hitherto,  been  propagated  and  de- 
fended with  much  warmth. 

It  is  impoffible  to  fay,  to  what  a  degree  the  diffi- 
culties and  contradidions  which  I  have  been  endea- 
vouring to  expofe,  were  unknown  to,  or  overlooked 
by\  the  partifans  of  this  fyftem.  The  great  Newton 
himfelf  ftrongly  felt  their  force :  but  as  he  refted  in 
a  very  untenable  idea  refpefting  the  propagation  of 
light,  it  is  not  to  be  wondered  at,  that  he  ihould 
overlook  thefe  great  difficulties;  and,  in  general, 
depth  of  underftanding  does  not  always  prevent  a 
man  from  falling  into  abfurdity,  in  fupporting  an 
opinion  once  embraced. 

But  if  this  fyftem,  that  opaque  bodies  are  render- 
ed vifible  by  reflected  rays,  be  falfe,  fay  it's  parties, 
What  then  is  the  true  one  ?  They  even  think  it  im- 
poffible to  imagine  another  explanation  of  this  phe- 
nomenon. It  is,  befides,  rather  hard  and  humiliating 
for  a  philofopher  to  acknowledge  ignorance  of  any 
fubjeft  whatever.  He  would  rather  maintain  the 
groifeft  abfurdities ;  efpecially  if  he  poflefles  the  fe- 
cret  of  involving  them  in  myfterious  terms,  which 
no  one  is  capable  of  comprehending.    For  in  this 
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cafe,  the  vulgar  are  the  more  difpofed  to  admire  the 
learned ;  taking  it  for  granted,  that  what  is  obfcu-* 
rity  to  others,  is  perfedly  clear  to  them.  We  ought 
always  to  exerdfe  a  little  miftruft,  when  very  fub^ 
lime  knowledge  is  pretended  to,  knowledge  too 
fublime  to  be  rendered  intelligible.  I  hope  I  ihall 
be  able  to  explain  the  phenomenon  ifi  quefiion,  in. 
fuch  a  way  as  to  remove  every  difficulty. 

ifi  Jttfy,  1 760. 
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jt  different  Explanation  of  the  Manner  in  which  opaque 
Bodies  illuminated  become  vijtble* 

A  LL  the  phenomena  of  opaque  bodies,  which  I 
-^^^  have  unfolded  in  the  preceding  letter,  incon- 
teftably  demonftrate,  that,  when  we  fee  an  opaque 
body  illuminated,  it  is  not  by  rays  reflefted  from  it's 
lurfitce,  that  it  becomes  vifible,  but  becaufe  it's  mi- 
nuter  partides  are  in  an  agitation  iimilar  to  that  of 
the  minuter  particles  of  luminous  bodies ;  with  this 
difierence,  however,  that  the  agitation  in  opaque 
bodies  is  far  from  being  fo  ftrong  as  in  bodies  lumi- 
nous of  themfelves ;  for  an  opaque  body,  however 
much  illuminated,  never  makes  on  the  eye  an  im^ 
preffion  fo  lively  as  luminous  bodies  do. 

As  we  fee  the  opaque  bodies  themfelves,  but  by 
Wk  lUcaM  the  images  of  the  luminous  bodies  which 
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enlighten  them,  as  muft  be  the  cafe,  if  we  law  them 
by  the  refleftion  of  their  furface ;  it  muft  fbUow, 
that  the  rays  emitted  by  opaque  bodies  are  proper 
to  them,  juft  as  the  rays  of  a  luminous  body  arc  pe- 
culiar to  itfclf.  As  long  as  an  opaque  body  is  illu- 
minated, the  minuter  particles  of  it's  furface  are  in 
a  ftate  of  agitation  proper  to  produce,  in  the  ether, 
a  motion  of  vibration,  fuch  as  is  neceflary  for  form- 
ing rays,  and  for  painting  in  our  eyes  the  image  of 
the  body  from  which  they  proceed.  For  this  eflFeft, 
rays  muft  be  difFufed,  from  every  point  of  the  fur- 
face, in  all  dircftions ;  as  experience  evidently  con- 
firms. For,  from  wliatevcr  fide  we  look  at  an  opaque 
body,  we  fee  it  equally  in  all  it's  points;  from  which 
it  follows,  that  every  point  emits  rays  in  all  direc- 
tions. This  circumftance  eflentially  diftinguifhes 
thefe  rays  from  fuch  as  are  reflefted,  whofe  direction 
is  always  determined  by  that  of  the  rays  of  inci- 
dence ;  fo  that  if  the  incident  rays  proceed  from 
one  fingle  quarter,  fay  the  fun,  the  reflected  rays 
can  follow  only  one  fingle  direftion. 

It  muft  be  admitted,  then,  that  when  an  opaque 
body  is  illuminated,  all  the  particles  on  it's  furface 
are  put  in  a  certain  agitation,  which  produces  rays, 
as  is  the  cafe  with  bodies  luminous  of  themfelves^ 
This  agitation,  like  wife,  is  ftronger,  in  proportion  as 
the  light  of  the  illuminating  body  is  more  intenfe. 
Thus  the  fame  body,  expofed  to  the  fun^  is  agitated 
much  more  violently,  than  if,  in  a  room,  it  were 
illuminated  only  by  day-light,  or  in  the  night-time^ 
a  taper,  or  by  the  moon.    In  the  firft  cafe,  it's 
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image  is  painted  with  much  greater  vivacity  oi^the 
bottom  of  the  eye,  than  in  the  others,  efpecially  the 
laft ;  the  Kght  of  the  moon  being  fcarcely  fufficient 
to  enable  us  to  diftinguifh,  or  to  read,  writing  of  a 
large  fize.  And  when  the  opaque  body  is  conveyed 
into  a  dole  room,  or  into  the  dark,  nothing  is  then 
to  be  feen ;  a  certain  proof,  that  the  agitation  in  it's 
parts  has  entirely  ceafed,  and  that  they  are  now  in  a 
fiate  of  reft. 

.  In  thi$i,  therefore,  confifts  the  nature  of  opaque 
bodies ;  their  particles  are,.of  themfelves,  at  reft,  or, 
at  leaft,  deftitute  of  the  agitation  neceflary  to  pro- 
duce light.  But  thefe  iame  particles  are  fo  difpofed, 
that  when  illuminated,  or  ftruck  with  rays  of  light, 
they  are  immediately  put  into  a  certain  agitation,  or 
inoti<m  of  vibration,  proper  to  produce  rays ;  and 
the  more  intenfe  the  light  is,  which  illuminates  thefe 
bodies,  the  more  violent  alio  is  this  agitation.  As 
long  ^  an  opaque  body  is  illuminated^^  it  is  in  the 
fame  ftate  as  luminous  bodies ;  it's,  particles  are  agi- 
tated in  the  fame  manner,  and  are  capable  of  excit- 
ing, of  themfelves,  rays  in  the  ether ;  with  this  dif- 
ference, that  the  agitation  kept  up  in  luminous  bo- 
dies by  an  intrinfic  force,  fubfifts  always  of  itfelf  j 
whereas,  in  opaque  bodies,  this  a^tation  is  only  mo- 
mentaneous,  and  produced  by  the  motion  of  the 
light  which  illuminates  them. 

Thi$  c^^planatipn  is  confiftent  with  every  pheno- 
menon, a^d  labours  under  none  of  the  difficulties 
which  determined  i^s  to  abandon  the  other,  namely, 
Jthat  fi)undcil  on  refledixni.    Whoever  will  take  the 

H  3  *  trouble 


J02  OPAQUE  BODIES  ILLUMINATED. 

trouble  condidly  to  weigh  all  thefe  reafons,  muft  ad^ 
mit  their  force.  But  a  very  great  difficulty  ftill  re* 
mains  to  be  folved :  How  comes  it  that  illuminatiop, 
fimply,  can  put  the  partides  of  an  opaque  body  into 
an  agitation  capable  of  producing  rays ;  and  that 
this  agitation  ihould  always  continue  nearly  the  fame, 
whatever  di£ference  there  may  be  in  the  illumina^ 
tion? 

I  acknowledge,  that  were  it  impoilihle  to  anfixrer 
this  queftion,  it  would  be  a  great  defed  in  my  theoryy 
though  it  would  not  amount  to  a  cpmplete  refuta^ 
tion,  for  it  contains  nothing  contradidoryt  .  Supi* 
pofing  I  were  ignorant,  how  illumination  produces 
an  agitation  in  the  particles  of  opaque  bodies,  this 
would  only  prove  that  the  theory  is  incomplete :  ^d 
till  it  is  denionftrated  to  be  abfolutdy  impoifible  that 
illumination  ihould  produce  this  eflFeft,  my  fyftem 
muft  fubiift.  But  I  ihall  endeavour  to  fupply  this 
defeA,  by  ftiewing  you,  how  illumination  agi(2^te8 
the  minuteft  partides  qf  bpdie^. 

Sth  July,  1 760, 
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Continuation  of  fbe  fame  Subject. 

T  HAVE  undertaken  to  fliew  how  the  illumination 
^  of  an  opaque  body  muft  produce  in  it^s  minuteft 
partides,  an  agitation  proper  to  excite  the  rays  of 
light,  which  repder  that  iame  opque  body  vifiUe. 

The 
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The  parallel  between  found  and  light,  which  diflfer 
only  in  refpeft  of  lefe  and  more,  light  being  the  iame 
thing  relatively  to  ether  that  found  is  relatively  to 
air,  this  parallel,  I  fiiy,  will  enable  me  to  fulfil  my  en- 
gagement. Luminous  bodies  muft  be  coitipared  to 
muiical  inftruments  adually  in  a  fiate  of  vibration* 
It  is  a  matter  of  indifference  whether  this  be  the  ef- 
feiEt  of  an  intrinfic  or  of  a  foreign  power:  it  is  fuffi- 
cient  for  my  purpofe  that  found  is  emitted.  Opaque 
bodies,  as  long  as  they  are  not  illuminated,  muil  be 
compared  to  mufical  inflruments  not  in  ufe,  or^  if 
you  will,  to  firings  which  emit  no  found  till  they 
are  touched. 

The  quefdon,  then,  being  transferred  from  light 
to  found,  is  refolved  into  this,  Whether  it  be  poffible 
for  the  firing  of  an  inflrument,  in  a  flate  of  ref^, 
when  brought  within  the  fphere  of  aftivity  of  the 
found  of  inftruments  in  a  flate  of  vibration,  to  rcy 
ceive,  in  certain  drcumflances,  fome  agitation,  and 
emit  found,  without  being  touched  ?  Now  this  is 
confirmed  by  djdly  experience.  If  you  take  the 
trouble,  during  a  concert,  to  attend  to  a  particular 
firing  in  proper  tune,  you  will  obfe^rve  that  firing 
fometimes  to  tremble  without  having  been  touched, 
and  it  will  emit  the  fame  found  as  if  it  had  been  im* 
mediately  put  into  vibration.  This  experiment  will 
fucceed  flill  better,  if  the  inflruments  flrike  the  fame 
note  with  the  firing.  Confider  attentively  the  firings 
of  a  harpfichord  not  played  upon,  while  a  violin 
flrikes  the  note  ^ ,  for  example,  and  you  will  obferve 
X)n  the  harpfichord  the  firing  of  the  fame  note  begin 
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fenfibly  to  tremble,  and  even  to  emit  found,  without 
having  been  touched ;  fome  other  chords  will  like- 
wife  be  agitated,  particularly  thofe  which  are  diflant 
an  oftave,  a  fifth,  and  even  a  third,  provided  the  in- 
ftrument  be  perfeftly  in  tune. 

This  phenomenon  is  well  known  to  muficians,  and 
Mr.  Rameau,  one  of  the  moft  celebrated  French 
compofers,  eftabliihed  his  principles  of  harmony 
Upon  it.  He  maintains,  That  o^ves,  fifths,  and 
thirds,  muft  be  confidered  as  confonances,  becaufe 
one  chord  is  agitated  by  the  found  only  of  another 
chord,  which  is  in  unifon,  or  zn  oftave,  a  fifth,  or  a 
third,  from  the  firft.  But  it  muft  be  admitted  that 
the  principles  of  harmony  are  fo  well  diablifhed  by 
the  fimplicity  of  the  relations  which  founds  have  to 
each  other,  that  they  have  no  need  of  a  new  confir* 
mation.  In  truth  the  phenomenon  obferved  by  Mr. 
Rameau  is  a  very  natural  confequence  ft'om  the  prin* 
ciples  of  harmony. 

To  render  this  more  fenfible,  let  us  attend  to  two 
chords  wound  up  to  unifon ;  on  ftriking  the  one, 
the  other  will  begin  of  itfelf  to  tremble,  and  will  emit 
it*s  found.  The  reafon  is  abundantly  clear ;  for  as 
a  chord  communicates  to  the  air  by  it*s  trembling  a 
motion  of  vibration  fimilar  to  it's  own,  the  air,  agi- 
tated by  this  motion  of  vibration,  muft  reciprocally 
make  the  chord  tremble,  pro\ided  that  by  it's  degree 
of  tenfion,  it  be  fufceptible  of  this  motion.  The  air 
being  put  into  vibration,  ftrikes  the  chord  ever  fo 
little  at  every  reverberation,  and  the  repetition  oi 
%okes  foon  impreflcs  on  the  chord  a  fenfiMe  mch 

lion  i 


OPAQUE  BODIES  XLLUMIHATED.  i05 

tlon ;  becauie  tibe  vibrations  to  wkich  it  is  c$ipo£bd 
by  it's  tenfion  accord  with  thofe  of  the  air.  If  the 
ntnnber  of  vibrations  in  the  air  is  the  half,  or  the 
third,  or  any  other  whofe  relation  is  fuffidently 
iimpie,  the  chord  does  not  receive  a  new  impulie  at 
every  vibration,  as  in  the  preceding  cafe,  but  only  at 
the  fecond,  or  the  third,  or  the  fourth,  which  will 
continue  to  increafe  it's  tremulous  motion,  but  lej(s 
than  in  the  firft  cafe. 

But  if  the  vibrations  of  the  air  have  not  any  iimpk 
relation  with  that  which  corrdTponds  to  the  chords 
the  agitation  of  that  fluid  will  produce  no  effect 
whatever  upon  it ;  the  vibrations  of  the  chord,  if 
there  be  any,  not  correfponding  to  thofe  of  the  fluid, 
the  following  impulfions  of  the  air  deftroy  for  the 
moft  part  the  eflfed  which  the  firft  might  have  pro- 
duced ;  and  this  is  completely  confirmed  by  expe* 
rience.  Thus  when  a  chord  is  fliaken  by  a  found, 
that  found  muft,  in  order  to  it's  being  perceptible, 
be  precifdy  the  fame  with  that  of  the  chord.  Other 
founds  which  have  a  confonance  with  that  of  the 
chord,  will  produce,  it  is  true,  a  fimilar  but  leis  fen- 
Sbie  tStd:,  and  diflbnances  wiU  produce  none  at  all. 
This  phenomenon  takes  place  not  only  in  mufical 
firings,  but  in  all  fonorous  bodies  whatever.  One 
bdl  will  refound  by  the  noife  only  of  another  bell 
which  is  in  unifon  with  it,  or  at  the  diftance  of  an 
p£bave,  a  fifth,  or  a  third. 

The  inftance  of  a  perfon  who  could  break  glafies 
by  his  voice  farther  confinns  what  I  have  advanced. 
When  a  g^  was  pce&nted  to  him,  by  ftriking  it  he 
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found  out  the  note ;  he  then  began  to  fijuall  in  uni« 
ion,  and. the  gla&  immediately  caught  the  vibration; 
proceeding  to  give  to  his  voice  all  the  force  he  was 
able,  always  preferving  the  unifon,  the  vibraticm  of 
the  gjlais  became  at  length  fo  violent,  that  it  broke. 
It  is  confirmed,  then,  by  experience  that  a  chord  and 
every  other  fonorous  body  is  put  into  vibration  by 
it's  kindred  found^  The  fame  phenomenon  muft 
take  place  with  regard  to  opaque  bodies,  of  which 
the  minuter  particles  may  be  put  into  a  ftate  of  agi- 
tation by  illumination  only :  which  is  the  queftion  I 
propoied  to  folve.  The  following  letter  will  contain 
a  more  ample  difcuflion  of  it. 

MJufy^  1760. 
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LETTER   XXVn. 

Concliifion :  Clearnefs  and  Colour  of  opaque  Bodies  illu^ 

mined. 

A  FTER  what  has  juft  been  fubmitted  to  your 
-^^^  confideration,  you  will  no  longer  be  furprifi^d 
that  an  opaque  body  is  capable  of  receiving,  from  il- 
lumination alone,  an  agitation  in  it's  particles  fimilar 
to  that  of  the  particles  of  luminous  bodies,  and 
which  gives  them  the  property  of  producing  rays 
that  render  them  vifible.  Thus  the  great  objeftion 
to  my  explanation  of  the  vifibility  of  opaque  bodies 
h  happily  removed;  while  the  other  theory,  found- 
on  thfe  reflexion  of  rays,  has  to  encounter  diffi- 
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CQldes  vrtadi  grow  in  proportion  as  you  attempt  to 
make  a  more  direft  application  of  them  to  known 
phenomena. 

It  is  then  an  eftablifhed  truth,  that  the  partides  of 
the  fiirfiices  of  all  bodies  which  we  fee,  undergo  an 
agitation  finular  to  that  of  a  chord  in  vibration,  but 
thdr  vibrations  are  much  more  rapid;  whether  it  be 
that  this  agitation  is  the  eflfed  of  an  intrinfic  force, 
as  in  bodies  hmiinous  of  themfehres,  or  whether  it 
be  produced  by  the  rays  of  lig^t  which  fall  upon  the 
bodies,  that  is  to  fay  by  illumination,  as  is  the  cafe 
in  opaque  bodies.  It  is  falfe,  then,  that  the  moon 
faeii^  an  opaque  body,  refleds  the  rays  of  the  iiin, 
and  that,  by  means  of  this  refleded  light,  (he  is-  ren- 
dered viiible  to  us,  as  is  commonly  underftood.  But 
the  rays  of  the  fun,  fidling  on  the  furface  of  the 
moon,  excite  in  it's  particles  a  concuiCon,  from 
which  refult  the  rays  of  the  moon ;  and  thefe,  en- 
tering into  our  eyes,  paint  it's  image  there;  it  is  the 
fame  with  the  other  planets,  and  with  all  op?.que 
bodies.  This  2^tation  of  opaque  bodies,  when  illu- 
mined, lafis  only  during  the  illumination  which  is 
the  caufe  of  it :  and  as  foon  as  an  opaque  body  ceafes 
to  be  illumined,  it  ceafes  to  be  viiible. 

But  is  it  not  poilible  that  this  agitation,  once  im- 
prefied  cm  the  particles  of  an  opaque  body,  may  be 
for  fome  time  kept  up,  as  we  fee  that  a  ihing  once 
firuck,  frequently  continues  to  vibrate,  though  no 
new  iropreffion  be  made  upon  it  ?  I  do  not  pretend 
to  deny  the  h&  i  I  even  believe  that  we  have  ex- 
^mipks  of  it  in  thofe  fubfbnces  which  Mr,  Margraff 
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prefented  to  you,  and  which,  once  illumined,  pre- 
ferve  their  light  for  fome  time,  though  conveyed 
into  a  dark  room.  This,  however,  is  an  extraor- 
dinary cafe ;  the  vibration  of  the  minuter  particles 
difappearing  in  all  other  bodies,  with  the  illumination 
which  occafioned  it.  But  this  explanation,  which 
thus  far  is  perfedUy  felf-confiftent,  leads  me  forward 
to  refearches  of  ftill  greater  importance. 

'It  is  undoubtedly  certain,  that  we  find  an  infinite 
difference  between  the  particles  of  opaque  bodies, 
according  to  the  variety  of  the  bodies  themfelvesi. 
Some  ^^ill  be  more  fufceptible  of  vibrations,  and 
others  kls,  and  others  finally  not  at  all  fo.  This  dif- 
ference in  bodies  occurs  but  too  evidently.  One, 
whoie  particles  eafily  receive  the  impreffion  of  the 
rays  which  ftrike  it,  appears  to  us  brilliant ;  another, 
on  the  contrary,  in  which  the  rays  fcarcdy  produce 
any  a^ptation,  cannot  appear  luminous.  Among  fe- 
veral  bodies,  equally  illumined,  you  will  always  re- 
mark a  great  dilFerence,  fome  being  more  brilliant 
than  others.  But  there  is  befides  another  and  a  very 
lemarkable  diflfercnce  between  the  particles  of  opaque 
Iksi  rdpcAing  the  number  of  vibrations  which 
of  than,  being  agitated,  will  make  in  a  certain 

c  already  obferved,  that  this  number  mufi  al- 

mry  great,  and  that  the  fubtilty  of  ether  is 

6  require  many  thoufands  in  a  fecond.   But 

^enoe  here  may  be  endlefs ;  if  fome  partides, 

feople,  ihould  make  x  0,000  vibrations  in  a  & 

hud  others  ix^ooo,  xa,coo,  x  3,000,  according 

to 
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to  the  fmallnefs,  the  tenfion,  and  the  dafticity  of  each, 
as  in  the  cafe  of  mufical  chords,  in  which  the  nuin« 
bcr  of  vibrations  given  in  a  fecond  may  be  varied 
without  end  ;  and  thence  it  is  I  have  deduced  the 
difference  of  high  and  low  notes.  As  this  difference 
is  eflential  in  founds,  and  as  the  ear  is  affected  by  it 
in  a  manner  fo  particukr  as  to  render  it  the  founda- 
tion of  the  whole  theory  of  mufic,  it  cannot  be  called 
in  queltion  that  a  iimilar  difference  in  the  frequency 
of  the  vibrations  of  rays  of  light  muft  produce  a  va- 
riation as  particular  in  viiion.  If,  for  example,  a 
particle  makes  10,000  vibrations  in  a  fecond,  and 
produces  rays  of  the  fame  fpecies,  the  rays  which 
enter  into  the  eye  will  ftrike  the  nerves  of  that  organ 
1 0,000  times  in  a  fecond ;  and  this  effec):,  as  well  as 
the  fenfation,  muft  be  totally  different  from  thofe 
produced  by  a  different  particle  which  ihould  make 
more  or  lefs  vibrations  in  a  fecond.  There  will  be 
.  in.  vifion  a  difference  fimilar  to  that  which  the  ear 
perceives  on  hearing  fliarp  or  flat  notes. 

You  will  no  doubt  be  defirous  to  know  into  what 
this  difference  in  vifion  is  to  be  refolvcd ;  and  what 
different  fenlations  correfpond  to  the  number,  great- 
er or  kfs,  of  the  vibrations  produced  in  every  body 
during  a  fecond  ?  I  have  the  honour  of  informing 
you,  TTiat  diverfity  of  colours  is  occafioned  by  this 
diflbrence ;  and  that  difference  of  colour  is  to  the  or- 
gan  of  vifion  what  fharp  or  flat  founds  are  to  the  ear. 
We  have  refolvcd,  therefore,  without  going  after  it, 
the  important  •  enquiry  refpecling  the  nature  of  co- 
lours, which  has  long  employed  the  attention  of  the 
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body  is  red,  another  blue,  and  another  green,  the 
philofopher  could  not  diftinguifh  himfelf  better  than 
by  maintaining  the  contrary;  and  he  accordin^y 
affirms  that  there  is  nothing  real  in  colours,  and  that 
there  is  nothing  in  bodies  relative  to  them. 

The  Newtonians  make  colours  to  confift  in  rays 
only ;  which  they  diftinguifli  into  red,  yellow,  green, 
blue,  and  violet ;  and  they  tell  us  that  a  body  appears 
of  fuch  and  fuch  a  colour  when  it  refle6b  rays  of 
that  fpedes.  Others,  to  whom  this  opinion  feemed 
abfurd,  pretend  that  colours  exift  only  in  ourfelves. 
This  is  an  admirable  way  to  conceal  ignorance ;  the 
vulgar  might  otherwife  believe  that  the  fcholar  was 
not  better  acquainted  with  the  nature  of  colours 
than  themfelves.  But  you  will  readily  perceive  that 
thefe  affected  refinements  are  mere  cavil.  Every 
iimple  colour  (in  order  to  diftinguifli  from  com- 
pound colours)  depends  on  a  certain  number  of  vi- 
bration's, which  are  performed  in  a  certain  time ;  fo 
that  this  number  of  vibrations,  made  in  a  fecond, 
determines  the  red  colour,  another  the  yellow,  ano- 
ther the  green,  another  the  blue,  and  another  the 
^olet,  which  are  the  fimple  colours  reprefented  to 
us  in  the  rainbow. 

If,  then,  the  particles  of  the  furface  of  certain  bo- 
dies are  dlfpofed  in  fuch  a  manner,  that  being  agi- 
tated, they  make  in  a  fecond  as  many  vibrations  as 
are  necefiary  to  produce,  for  example,  the  red  co- 
lour, I  call  fuch  a  body  red,  juft  as  the  clown  does ; 
jand  I  fee  nothing  like  a  reafon  for  de^dating  from 
the  common  mode  of  expreffion.     And  rays  which 

make 
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make  fuch  2  number  of  vibrations  in  a  li^cond^  niay, 
with  ^ual  propriety  be  denominated  red  rays;  and 
finally^  when  the  optic  nerve  is  affefted  by  thefe  fame 
rays,  and  receives  from  them  a  nmnber  of  impuk 
fions,  fenfibly  equal,  in  a  fecond,  we  receive  the  fciJ- 
&tion  of  the  red  colour.  Here  every  thing  is  dear; 
and  I  fee  no  neceflity  for  introducing  dark  and  my£* 
terious  phrafes,  which  really  mean  nothing. 

The  parallel  between  found  and  Ught  is  fb  perfisfib^ 
that  it  hits  even  in  the  minuteft  •  circumftahces* 
When  I  produced  the  phenomenon  of  a  muficai 
chord,  which  may  be  excited  into  vibration  by  the 
refonance  only  of  certain  founds,  you  will  pleaiie  to 
recoiled,  that  the  one  which  ^ves  the  unifon  of  the 
chord  in  queftion  is  the  moft  proper  to  Ihake  it,  and 
that  other  founds  affed:  it  only  in  proportion  as  they 
are  in  confonance  with  it.  It  is  exa6Uy  the  fame  as 
to  light  and  colours  ;  for  the  diflferent  colours  cor- 
refpond  to  the  diflferent  muficai  founds. 

In  order  to  difplay  this  phenomenon,  which  com^ 
pletely  confirms  my  aflertion,  let  a  dark  room  be 
provided ;  make  a  fmall  aperture  in  one  of  the  fhut}- 
tcrs ;  before  which,  at  fome  diflance,  place  a  body  of 
a  certain  colour,  fay  a  piece  of  red  doth,  fb  that^ 
when  it  is  illumined,  it's  rays  may  enter  by  the  aper- 
ture into  the  darkened  room.  The  rays  thus  tranf^ 
mitted  into  the  room  will  be  red,  all  other  li^it 
bdng  excluded :  and  if  you  hold  on  the  infide  of  the 
room,  opppfite  to  the  aperture,  a  piece  of  doth  of 
the  fame  colour,  it  will  be  perfeftly  illumined,  and 
its  red  colour  appear  very  brilliant  j  but  if  you  fub- 
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ftitute  in  it's  place  a  piece  of  green  cloth,  it  will  re- 
main obfcure,  and  you  will  hardly  fee  any  thing  of 
it*s  colour.  If  you  place  on  the  outiide,  before  the 
aperture,  a  piece  of  green  cloth,  that  within  the 
chamber  will  be  perfectly  illumined  by  the  rays  of 
the  firft,  and  it's  green  colour  appear  very  lively. 
The  fame  holds  good  as  to  all  other  colours ;  and  I 
do  not  imagine  that  a  more  convincing  demonftra- 
lion  o£  the  truth  of  my  fyftem  can  be  demanded. 

We  learn  from  it,  that,  in  order  to  illuminate  a 
body  of  a  certain  colour,  it  is  neceffary  that  the  rays 
which  fall  upon  it  fliould  have  the  fame  colour ;  thofe 
of  a  different  colour  not  being  capable  of  agitating 
the  particles  of  that  body.  This  is  farther  confirmed 
by  a  well  known  experiment.  When  the  fpirit  of 
wine  is  fet-  on  fire  in  a  room,  you  know  that  the 
flame  of  fpirit  of  wine  is  blue,  that  it  produces  only 
blue  rays,  and  that  every  perfon  in  the  room  appears 
very  pale,  their  faces,  though  painted  ever  fo  deep, 
have  the  afpeft  of  death.  The  reafon  is  evident ; 
the  blue  rays,  not  being  capable  of  exciting,  or  put- 
ting in  motion  the  red  colour  of  the  face,  you  fee  cm 
it  only  a  feeble  and  bluifli  colour :  but  if  one  of  the 
company  is  dreffed  in  blue,  fuch  drefs  will  appear 
unconunonly  brilKant.  Now  the  rays  of  the  fun, 
thofe  of  a  wax  taper,  or  of  a  common  candle,  ilhi- 
minate  all  bocfies  *  almoft  equally ;  from  whence  it  us 
OMdoded,  that  the  rays  of  the  fun  contain  all  c6- 
imurs  at  once,  though  he  himfelf  appears  yellowifh. 

In  truth,  when^  you  admit  into  a  dark  room  the 
rays  of  aQ  the  Cm^  colours^  ved,  yeUow,  green, 
^   VojL.  I.  I  blue. 
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blue,  and  violet,  in  nearly  equal  quantities,  and  blend 
them,  they  reprefent  a  whitifh  colour.  The  iamc 
experiment  is  made  with  various  powders,  coloured 
in  like  manner ;  on  being  mixed  together,  a  whitiih 
colour  is  the  refult.  Hence  it  is  concluded  that  white 
is  nothing  lefs  than  a  fimple  colour ;  but  that  it  is 
rather  a  compound  of  all  the  fimple  colours ;  accord* 
ingly  we  fee  that  white  is  adapted  to  the  reception 
of  all  colours.  As  to  black,  it  is  not  properly  a  co* 
lour.  Every  body  is  black  whdn  it's  partides  arc 
fuch  that  they  can  receive  no  motion  of  vibration, 
or  when  it  cannot  produce  rays.  The  want  of  rays, 
therefore,  produces  the  fenfation  of  that  colour ;  and 
the  more  particles  there  are  found  in  any  body  not 
fufceptible  of  any  motion  of  vibration  on  it's  fur&ce, 
the  more  blackiih  and  obfcure  it  appears. 


LETTER    XXXIX. 

Tranfparency  tf  Bodies  relative  to  the  Tranfmijftm  of 

S^        Rays. 

T  HAVE  alrojdy  rei4|rk€^  that  there  are  bodies, 
*  fuch  as  ^bS,  water,  and  efpecially  air,  which 
tranfimt  the  rays  of  light,  aad,  on  account  of  this 
property,  alfe  dfijpominated  pellucid  or  diaphonous* 
The  ether,  however,  is  the  medium  in  which  the 
rays  of  light  are  formed,  to  which  this  property  moft 
intimately  apfcrtaiosi  wd  other  tranfparent  bodies 

are 
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endowed  with  it  only  by  means  of  the  ether 
vrhich  they  contain,  and  with  which  they  are  fo 
blended,  that  the  agitations  excited  by  the  light  may 
be  communicated  farther  without  being  interrupted 
in  their  progrefs.  But  this  tranfiniffion  is  never  per- 
formed fo  freely  as  in  the  pure  ether,  though  it  al- 
ways lofea  fomething ;  and  this  in  proportion  as  the 
trsunfparait'  body  is  more  or  lefs  grofs.  The  grofll 
nefi  may  even  become  fo  confiderable,  that  the  Mght 
(haU  be  wholly  loft  in  it ;  and  then  the  body  is  no 
Jcmger  .tranQ)arent.  Thus,  though  glafs  be  a  tran£> 
parent  body,  a  great  lump  of  glafs  feveral  feet  thick 
is  not  fo.  In  like  manner,  however  pure  the  water 
of  a  river  may  be,  you  cannot  fee  the  bottom  where 
it  is  very  deep,  though  you  can  very  eaJGly  where  it 
isfhallow,* 
Traniparency,  then,  is  a  property  of  bodies  rela- 

*  The  common  diflinAion  of  bodies  into  opaque  and  tranfpa* 
rent  is  inaccurate,  for  every  body  has  a  certain  degree  of  tranfpa- 
rency.  All  fubftances  abforb  light  in  it's  paflage,  but  in  fome  this 
ab(brpdon  is  prodigious,  and  the^quantity  of  light  which  pene- 
trates through  a  certain  thicknefs  is  fo  exceedingly  minute  as  to 
elude  our  powers  of  perception.  When  the  thicknefs  is  much 
diminiihed,  the  light  becomes  fenfible,'  even  in  the  cafe  of  bodies 
that  are  ufually  termed  opaque;  thus  we  can  fee  through  a  plate 
of  ivory  and  a  leaf  of  gold.  The  different  properties  of  fubHancef 
unih  refped  to  the  tranfmiflion  of  light,  feente  to  depend  on  the 
greater  or  leis  regularity  of  the  difpofition  of  their  elementary  par^ 
tides,  and  on  their  proximity  or  diftance  from  each  other ;  as 
thefe  circumflances  augment  or  diminifh  the  chance  of  a  ray's 
paffing  within  the  limit  of  abforption.  Whatever  be  the  intenfitj^ 
of  the  incident  light,  the  fame  proportion  of  it  is,  in  a  given  body, 
^nMfmittted  tibiough  the  iai^  thi€kQeis«-*£.  £• 
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live  only  to  Jtheir  thickndfe ;  and  when  thi$  property 
^3  2Scxxhcd  to  ^a£&^  to  ^ater,  &c.  it  muft  always  ht 
AmderiJxv^d  wklpi  this  refiri^tion,  that  tb^, bodies 
fure  jaot  too  grofs ;  and  that  to  every  fpecies  there  i$ 
a  certain  meafure  of  <thixjsj[ie&  beyond  which  the 
body  ce^es  to  be  tran^arent.  There  i^  not  one 
jopaque  )wdy,  on  the  coAtrary,  which  may  AQjt  itfelf 
become  t^anfparent,  if  reduced  to  a  {date  ^^ji^emdy 
£ne.  Thus,  though  gold  is  not  tranfparent,  gold 
^eaf  ^s  &)  i  and  on  examining  the  minuter  partides 
of  aU  bodies  with  a  microicrope,  they  ar^.  found  to 
be  transparent.  It  may  then  be  with  truth  affirmed, 
.th^t  all  bodies  are  tranfparent  when  reduced  to  a 
jcertain  degree  of  fi^enefs}  and  that  no  one  is  fo 
whei^  too  grofs. 

In  common  language  we  denominate  transparent 
the  bodies  wl^ich  preferve  this  quality  to  a  cert^dn 
degree  of  thicknefs,  though  they  lofe  it  when  they 
go  beyond  that  bound.  But  with  refpeft  to  ether, 
it  is  of  it's  own  nature  perfe^y  tranfparent,  and  it's 
extent  diminiihes  not  this  quality  in  the  fmalleft  de* 
greie.  The  prodigious  difiince  of  the  fixed  ftars 
prevents  not  their  rays  from  being  tranfinitted  to 
us.  But  though  our  air  appears  to  be  of  a  perfeft 
tranfparency,  if  it  extended  as  far  as  the  moon,  that 
tranfparency  would  be  entirely  loft,  and  would  pre- 
vent every  ray  of  the  fiin,  and  of  the  other  heavenly 
bodies,  from  penetrating  to  us.  We  ihould  then  be 
involved  in  Egypti?m  darknefs. 

The  resifpn  qf  it  ]is  evident,  and  we  remark  the 
ifame  thing  iq  jToun^,  whofa  rafembliUK^t  to  light  it 

confirmed 
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Confirmed  in  every  I'cfpeft.  Air  is  the  rtioft  proper 
medinm  for  the  propagatibri  of  found ;  but  the  agi-  • 
tations  excited  in  the  aii*  ar6  capabfe  of  fliidcing  alfo 
the  particles  of  all  bodies ;  and  thefe  again  putting  in ' 
motion  the  interior  particles,  fiiiafly  tranfmit  the  vi- 
bration  dirough  the  fiibftanfee  of  sdl  bodies,  unlefs 
tlicy  be  too  thick.  There  are  bodies j  th^n,  which, 
I'datlivrfy'  to  found,  are  the  fame  thing  which  tranf- 
patent  bodies  are  relatiTely  to-  light ;  and  all  bodies 
have  this  property  with  relation  to  found,  provided 
they  are  not  too  thick.  When  you  are  in  your' 
apartment,  you  can  hear  almoff  every  thing  that 
pa&s  in  the  ante-chamber,  though  the  doors  are 
dofdy  fliut,  becaufe  the  agitation  of  the  air  in  the- 
ante-ckamber  communicates  itfelf  to  the  partitions, 
and  penetrates  through  them  into  the  inner  apart- 
ment with  fome  lofe,  however.  "Were  the  partition 
removed,  you  would  undoubtedly  hear  more!^  dit 
tinflly.  Now  the  thicker  the  walls  are,  the  more  of 
it's  force  does  the  found  lofe  in  piercing  through 
them :  and  the  walls  may  be  made  fo  thick  that  no- 
^tAog  coutd  be  heard  from  without,  unlefs  it  were 
fome  terrible  noife,  fuch  as  a  difcharge  of  cannon^ 

This  leads  me  forward  to  a  new  remark;  that 
very  powerful  founds  may  be  heard  through  walls 
which  are  impenetrable  to  founds  more  feeble ;  and, 
confequently,  in  order  to  form  a  judgment  whether 
a  wall  is  capable  of  tranfmitting  founds,  it  is  necef- 
fiuy  to  take  into  the  account  not  only  the  thicknefs 
of  the  wall,  but  likewife  the  ftrengh  of  the  found. 
If  the  found  is  very  feeble,  a  very  thin  wall  is  fuffi- 

1 3  cviXiX 


liS  TRANSPARENCY  OF  BODIES* 

« 

dent  to  ftop  it,  though  a  louder  could  find  an  eafy 
tranfmifiion.  The  fame  thing  holds  as  to  bodies 
which  are  permeable  only  to  a  very  ftrong  light. 
Obje6h  not  very  brilliant  are  inviiible  through  a  glafs 
blackened  with  fmokc,  but  the  rays  of  the  fun  force 
themfeives  through  it,  and  it  tranfmits  perfefily  well 
the  image  of  that  luminary.  Aftronomers  employ 
this  method  to  obferve  him ;  for  without  fixch  pre* 
taution  he  would  dazzle  the  eye.  And  when  you 
happen  to  be  in  a  dark  room,  with  an  aperture  in 
the  fliutter  expofed  to  the  fun,  in  vain  will  you  at- 
tempt to  exclude  tite  light  by  oppoiing  your  hand  to 
the  aperture ;  the  rays  of  the  fun  will  force  them- 
feives through. 

It  is  perceivable  at  the  fame  time  that  the  light  of 
the  fun  lofes  much  of  it's  luflxe  in  pafiing  through 
a  body  which,  relatively  to  other  objects,  is  not  it- 
felf  tranfparent.  But  a  very  ftrong  light  may  loie 
much  of  it's  luftre,  before  it  is  entirely  extinguiihed^ 
while  a  feebler  light  is  loft  at  once.  A  piece  of  very 
thick  ^afs,  then,  will  not  be  tranfparent,  with  re- 
fyt&  to  objeds  lefs  brilliant,  though  the  fun  may  be 
viiible  through  it. 

Thefe  remarks  on  tranfparent  bodies  lead  me  to 
the  theory  of  refra&ion,  of  which  you  have  fre- 
quently heard,  and  which  I  ihall  endeavour  to  place 
in  it's  proper  light. 
.  sM  Jv^f  Z760. 
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LETTER  XXX. 

Of  the  Tranfmlffion  of  Rays  of  Light  j  though  tranjparent 

Mediums  J  and  their  RefraSlion. 

AS  long  as  light  moves  in  the  £ime  medium, 
whether  it  be  ether,  air,  or  any  other  tranfpa- 
rent  body,  the  propagation  proceeds  in  ftraight  lines, 
denominated  rays,  as  they  proceed  from  the  luminous 
point,  in  all  diredions,  as  the  radii  of  a  circle,  or  a 
globe,  iffue  from  the  centre.  In  the  fyftem  of  ema- 
nation, the  particles  darted  from  luminous  bodies 
move  in  ftraight  lines ;  the  fame  thing  holds,  in  that 
which  I  have  had  the  honour  of  propofing,  in  which 
the  agitations  are  communicated  in  ftraight  lines,  as 
the  found  of  a  bell  is  tranfmitted  in  a  ftraight  line, 
by  which  alfo  we  judge  from  what  quarter  the  found 
comes  J  the  rays  in  both  fyftems,  then,  are  reprefented 
by  ftraight  lines,  as  long  as  they  pais  through  the 
ianje  tranfparent  medium ;  but  they  may  undergo 
fome  infleaion,  in  paifing  from  one  to  another ;  and 
tbis  ij^fle^on  is  called  the  refraStion  of  the  rays 
of  fight,  the  knowledge  of  which  is  neceflary  to  ac- 
count for  many  phenomena*  I  proceed,  therefore, 
*^  to  Jay  down  the  principle3,  in  conformity  to  which| 
refraction  takes  place,* 

^  The  quantity  of  refradkion  \%  not  proportional  to  the  denfity  of 
the  medium.  Sir  Ifaac  Newton  reraarksy  that  inflammable  fi|b« 
(lancesy  though  fpccifically  lighter  than  water,  produce  a  mucb 
greater  refra^pn:  and  it  w^  this  analogy  which  fuggeded  to 
him,  that  diamonds  belong  to  the  fame  clafs ;  a  conjeAure  whicli 
has  beea  verified  within  thcfe  few  yiMn,^i-£.  £, 
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It  is  an  invariable  law,  that»  when  a  ray,  fuch  as 
E  C  (plate  I' Jig  8.)  fidls  perpendicularly  on  the  fur- 
face  A  B  of  another  medium,  it  continues  it's  pro- 
grefs  in  the  fame  flxaight  line  extended,  as  C  F ;  it 
will,  in  this  cafe,  undergo  no  inflexion  or  refra<9ion. 
If,  then,  E  C  is  a  ray  of  the  fun,  falling  perpendicu- 
larly on  the  furface  A  B  of  water,  or  of  glafs,  it  will 
toter  it  in  the  fame  direftion,  and  continues  it's  pro- 
grefs  in  the  line  C  F,  which  is,  likewife,  perpendicu- 
lar to  the  furface  A  B,  fo  that  E  F  fhall  be  in  onje  and 
the  fame  ftraight  line.  This  is  the  only  cafe  in  which 
there  is  no  refracHon.  But  as  often  as  the  ray  falls 
not  perpendicularly  on  the  furface  of  another  tranf- 
parent  body,  it  does  not  purfue  it's  progrefs  in  the 
fame  ftraight  line ;  it  recedes  lefs  or  more  from  it, 
and  undergoes  a  refraftion. 

Let  P  C  (plate  l^Jig*  9.)  be  a  ray,  falling  obliquely 
on  the  furface  A  B,  of  another  tranfparent  medium. 
On  entering  into  this  medium,  it  will  not  continue 
it's  progrefs  in  the  direftion  of  the  ftraight  line  C  Q, 
which  is  the  line  P  C  produced ;  but  will  recede  from 
it,  in  the  direftion  of  the  line  C  R,  or  C  S.  It  will 
undergo,  then,  at  the  point  C,  an  inflexion,  wjiich 
we  call  refraftion,  which  depends  partly  on  the  dif- 
ference of  the  two  mediums,  and  partly  on  the  ob- 
liquity of  the  direction  of  the  ray  P  C. 

In  order  to  comprehend  the  laws  of  this  inflexion  ^ 
it  is  neceffary  to  explain  certain  terms  employed  in 
treating  this  fubjed. 

I  ft.  The  furface  A  B,  which  feparates  the  two  me- 
diums, that  from  which  the  ray  comes,  and  that  into 
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which  it  enters,  is  called  the  refringenf  fttrface.  sdiyi 
The  ray  P  C,  which  fells  upon  it,  is  called  the  ind-* 
dent  ray ;  and,  3dly,  the  ray  C  R,  or  C  S,  which 
purfiies,  in  the  other  mediunx,  a  courfe  different  from 
C  Q,  is  called,  the  broken^  or  refra&ed  raj.  And, 
having  drawn  through  the  furfece  A  B,  the  pcrpen* 
dicular  line  E  C  F,  we  call,  4thly,  the  angle  P  C  E, 
formed  by  the  incident  ray  P  C,  with  the  perpendi- 
cular E  G,  the  angle  of  incidence ;  and,  5thly,  the  angle 
R  C  F,  or  S  C  F,  formed  by  the  refrafted  ray  C  R 
or  C  S,  with  the  perpendicular  C  F,  is  called  the  jw^fe 
ofrefra^ion. 

Therefore,  becaufe  of  the  inflexion,  which  the  ray 
of  light  undergoes,  the  angle  of  refradlion  is  not  equal 
to  the  angle  of  incidence  P  C  E ;  for  producing  the 
line  P  C  to  Q,  the  angles  P  C  E  and  F  C  Q  being 
vertical,  are  equal  to  each  other  ;*  as  you  will  eafily 
recolleft.  The  angle  Q  C  F,  then,  is  equal  to  the 
^gle  of  incidence  P  C  E  ;  therefore,  the  angle  of  revi 
fraftion  R  C  F  or  S  C  F,  is  greater  or  lefs.  There 
are,  then,  only  two  cafes  which  can  exift  ;  the  one, 
in  which  the  refrafted  ray  being  C  R,  the  ajigle  of 
refraftion  R  C  F,  is  lefs  than  the  angle  of  incidence 
P  C  E ;  and  the  other,  in  which  the  refraftcd  ray 
being  C  S,  the  angle  of  refraftion  is  greater  than  th^ 
angle  of  incidence  P  C  E,  In  the  former  cafe,  we 
fay,  that  the  ray  C  R  approaches  the  perpendicular 
C  F ;  and  in  the  other,  that  the  refrafted  ray  C  S, 
recedes  or  deviates  from  the  perpendicular. 

}t  is  neceffary,  then,  to  enquire,  In  what  cafes  the 

*  Euclid's  Elenients,  Book  H  Prop.  15, 
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one  or  the  other  of  thefe  changes  will  take  place  ? 
And  we  ihall  find,  that  this  phenomenon  depends  on 
the  difference  of  the  denfity  of  the  two  mecKums  ; 
or  becaufe  the  rays  are  tranfinitted  with  more  or  lefii 
difficulty  through  each  of  them.  To  prove  this,  it 
mull  be  recoUeded,  that  ether  is  of  all  mediiuns  the 
moft  rare,  and  that  through  which  rays  are  tnui£> 
mitted,  without  the  flighted  reiifiance.  After  it^ 
the  other  conmion  tranfparent  mediums  are  thus  ar« 
ranged :  air,  water,  glafs  i  thus  ^afs  is  a  medium 
more  denie  than  water;  water  than  air;  and  air 
than  ether. 

This  being  laid  down,  we  have  only  to  attend  to 
thefe  two  general  rules :  ift.  When  rays  pa&  from 
a  medium  lefs  denfe  into  one  which  is  more  fo,  the 
refracted  ray  approaches  the  more  to  the  perpendi-^ 
cular.  This  is  the  cafe,  ip  which  the  incident  ray 
being  P  C,  the  refrafted  ray  is  C  R.  2dly.  When 
the  rays  pafs  from  a  medium  more  den&  to  one  Ids 
fo,  the  refraded  ray  recedes  from  the  perpendicular. 
Thi$  is  the  cafe,  in  which  the  incident  ray  being  P  €» 
the  refrafted  ray  is  C  S.  Now,  this  inflection  is 
greater  or  lefs,  according  as  the  two  mediums  differ 
in  refped  of  denfity.  Thus,  rays,  in  paffing  from 
air  into  glafs,  undergo  a  greater  refra^qn,  than 
when  they  pafs  frond  air  into  water ;  in  both  cafes, 
however,  the  refiraded  rays  approach  the  perpendi* 
cular.  In  like  manner,  rays  pafling  from  glafs  into 
:ur,  undergo  a  greater  refradion  than  when  they  pais 
from  water  into  air ;  but  in  thefe  cafes,  the  refraded 
TTLj  recedes  from  the  perpendicular, 

Fmally, 
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finally ,  it  muft  likewife  be  remsu-ked,  that  the  di£. 
ference  between  the  angle  of  incidence  and  the  an^e 
of  refiradion  is  fo  much  greater,  as  the  angle  of  in* 
ddence  is  greater,  or,  as  the  incident  ray  recedes  far* 
tfaer  from  the  perpendicular,  the  greater  will  be  the 
inflexion  or  refra&ion  of  the  ray.  A  relation  of  all 
tiiefe  an^tes  exifis,  and  is  determinable  by  geometry; 
but  it  is  not  npw  neceflary  to  enter  into  the  detaiL 
IVhat  has  been  already  fsdd,  is  fufficient  for  imder- 
ftanding  what  I  have  farther  to  propofe  on  the  iub* 
jed. 


LETTER  XXXI. 

RefiraHian  of  Rays  (f  different  Colours. 

TT'OU  have  leen,  that  when  a  ray  of  light  pafles 
-'-'  obliqudy  from  one  tranQiarent  medium  to  an- 
odier,  it.undergoes  an  infledion,  which  is  called  re- 
firadkui,  and  that  the  refradion  depends  on  the  ob« 
Bquity  of  the  incidence,  and  the  deniity  of  the  me- 
£um8«  I  mufl  now  call  upon  you  to  remark,  That 
diverfity  of  colours  occaiions,  likewife,  a  fmall  va^ 
tietyin  the  refradion.  This  arifes,  undoubtedly* 
from  hence,  that  the  rays  which  exdte  in  us  the  fiai« 
frdons  of  different  colours,  perform  unequal  num« 
ben  of  vibrations  in  the  lame  times,  and  that  they 
4aSkx  amoi^  themfdves,  in  the  fame  manner  a& 
fharper  or  flatter  founds  do.    Thus,  it  is  ofa&rvable^ 

that 
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that  rays -of  red  undergo  the  leaf):  inflection  or  re- 
fraflion;  after  them  come  the  oftmge  j  thcyeBow, 
the  green,  the  blue  and  the  violet,  foDow  in  order  j 
fo  that  vidct-coloured  rays  undergo  the  greateft  re* 
fraftion  ;  it  being  always  underftood,  that  ^e  €^^ 
liquity  of  the  incidence,  and  the  denfity  of  the  Hte- 
diums  are  thie  fame.  Hence,  it  is  concluded,  that 
rays  of  different  colours  have  not  the-ikme  rcfran^-.- 
bility ;  that  the  red  af e  the  leaft  refran^falc,  and  flift 
violet-coloured  the  moft  fo. 

If  then,  P  C  (plate  l^fg*  i  o.)  is  a  ray  pafling,  for . 
example,  from  air  into  glafe ;  the  angle  of  incidence 
being  P  C  E,  the  refrafted  ray  will  approach  the  per- 
pendicular C  F }  and  if  the  ray  be  fed,  the  refra&ed 
ray  will  be  in  the  direflion  G — -redi  if  it  be  orange, 
the  refrafted  ray  will  be  C — orange^  and  fo  of  the 
reft,  as  may  be  feen  in  the  figure.  All  thefe  rays 
deviate  from  the  line  C  Q,  which  is  P  C  produced^ 
toward  the  perpendicular  G  F ;  but  the  red  ray  de^ 
viates  the  leaft  from  C  Q,  or  undergoes  the  Icaft  in- 
flexion, and  the  violet  recedes^  the  fartkell  fto/m 
C  Q,  and  imdergoes  the  greateft  ifnflcdion* 

Now,  if  P  C  is  a  ray  ei  the  fbn,  it  produces,  at 
cnce,  aU  the  coloured  rays  nnMcated  iii  the  figuvr;. 
and  if  a  piece  of  white  paper  is  placed  to  receifvse 
^hcmr,  you  will, in  eflfeft,  fee  all  thefe  colbi»r&;  hence,' 
it  is  affirmed,  that  every  yay  of  theliin  contains,  at^ 
Once,  all  the  fimple  cdQiirs.  The  feme  thing  haj^- 
pens,  if  P  C  is  a  ray  of  white,  or  if  it  proceeds 
from  a  white  body.  We  fee  all  the  cofeuxs  pro^^ 
4uced  from  it  h^  refradio»,  y^he&ce  it  isi^conduded^ 

that 
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that  wlilte  is  an  affemhlage  of  all  the  fimple  colours^ 
as  we  fliewed  formerly.  In  truth,  we  have  only  tQ 
coUedl  all  thefe  coloured  rays  into  a  fingle  point,  and 
the  colour  of  white  will  be  the  refult. 

It  is  thus  we  difcover  what  are  the  fimple  colours* 
Refradion  determines  them  inconteftibly.  In  fol* 
lowing  the  order  which  it  prefents,  they  are  thefe : 
I.  red,  2.  orange,  3.  yellow,  4.  green,  5.  blue,  6.  vio* 
let.  But  it  muft  not  be  imagined,  that  there  are 
))Ut  fix :  for  as  difierence  of  colours  arifes  from  the 
number  of  vibrations  which  rays  perform  in  one  and 
the  fame  time,  or  rather  the  undulations  which  pro* 
liuce  them :  it  is  clear,  that  the  intermediate  num^ 
bers  equally  ^ve  fimple  colours.*  But  we  want 
names,  by  which  to  defign  thefe  colours ;  for  be- 

*  This  remark,  that  the  number  of  primitive  colours  much  ex« 
ceeds  fix,  is  very  juft.     The  colours  of  the  rainbow,  or  of  the 
fpedrum,  formed  by  a  prifm,  pafs  into  each  other  by  infenfible 
ihades,  fo  that  it  is  impoffible  to  define  their  boundaries.     There 
is  reaCbn  to  fufped;,  that,  even  the  great  Newton  was,  in  this  in* 
fiance,  milled,  by  a  predile<^on  for  the  number  ieven,  which 
during  many  ages,  has  been  regarded  with  a  fort  of  myilical  vft« 
neration.     The  correfpondence,  which  he  obferved,  between  the 
divifions  of  the  fpe&rum,  and  thofe  of  the  monochord,  and  whicb 
fo  many  authors  have  fince  repeated,  is  wholly  ideal ;  for  the  pro* 
portions,  between  the  extent  of  the  different  colours  are,  in  a  great 
mcafure,  determined  by  the  peculiar  quality  of  the  refra<%ing^ 
mediums.     Thus  a  prifm  of  glafs,  in  which  alkali  predominates, 
forms  a  fpeArum,  extremely  unlike  that  formed  by  one  of  glafs, 
compofed  principally  of  lead.    Were  a  perfon  to  reckon  only  th& 
nofi  confpicuous  of  the  primitive  colours,  he  would,  moft  pro* 
lably,  i«l«ft  the  number  fixi  for  the  indigo  cam  hardly  be  difiin- 

twecn 
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tween  yellow  and  green,  we  evidently  perceive  in- 
termediate colours,  for  which  we  have  no  feparate 
names. 

In  conformity  to  the  lame  laws,  are  produced  the 

colours  vifible  in  the  rainbow.    The  rays  of  the  fim, 

in  paffing  through  the  drops  of  water  which  float 

through  the  air,  are,  by  them,  reflected  and  refraded, 

and  the  refra&ion  decompounds  them  into  the  fimfde 

cdours.    Tou  muft,  undoubtedly,  have  remarked, 

that  theie  colours  follow  each  other,  in  the  (am^  cnr* 

der,  in  the  rainbow,  the  red,  onmge,  ydQow,  green, 

Uue,  and  violet ;  but  we  difcover  ^i  it,  alio,  aS  the 

intermediate  colours,  as  fhades  of  one  colour  to  an^ 

other,  and  had  we  more  names  to  diftinguifh  thefe 

degrees,  we  might  find  more  of  them  from  the  one 

extrenuty  to  the  other.    A  more  copious  language 

may,  perhaps,  enaUe  another  nation  adhially  to 

reckon  up  a  greater  number  of  di&rent  colours ; 

and  another,  it  may  be,  cannot  reckon  up  fo  many  ; 

ii^  for  example,  it  wants  a  term  to  expreis  what  we 

call  orange.    Some  to  thefe  add  purple,  which  we 

perceive  at  the  extremity  of  the  red,  but  which, 

others  comprehend  under  the  fame  name  with  red. 

C.        D.        E.         F.        G.        A.        B. 

2^       2?       o       «i       o       s       <j 

R*  eg  ^  ?  5* 

Thefe  colours  may  be  compared  to  the  notes  of 
an  oAave,  as  I  have  done  here,  becaufe  the  relations 

of 
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cf  colours,  as  well  as  thofe  of  founds,  may  be  ex« 
pre£fed  by  numbers.  There  is  even  an  appearance, 
that  by  ftraining  the  violet  a  little  mpre,  you  may 
come  round  to  a  new  purple,  juft  as  in  rifing  from 
found  to  found,  on  going  beyond  B,  you  come  round 
to  Cy  wluch  is  the  odave  above  C.  And,  as  in  mufic, 
we  give  to  thefe  two  notes  the  fame  name,  becaiiie 
of  their  refemblance,  the  fame  thing  takes  place  iik 
colburs,  which,  after  having  rifen  through  the  inter<^ 
vals  of  an  odtave,  refume  the  fame  names :  or,  if 
you  will,  two  colours,  like  two  founds,  in  which  the 
number  of  vibrations  in  the  one,  is  precifely  the 
double  of  the  other,  pafs  for  the  fame,  and  bear  the 
fame  name. 

On  this  principle  it'  was,  that  father  Cqfielj  in 
France,  contrived  a  fpecies  of  mufiq  of  colours; 
He  conftruded  a  harpfichord,  of  which  every  key 
difplayed  a  fubftance  of  a  certain  colour,  and  he  pre- 
tended, that  this  harpfichord,  if  fkilfully  touched, 
would  prefent  a  mofl  agreeable  fpe<9acle  to  the  eye» 
He  gave  it  the  name^of  the  ocular  harpfichord,  and 
you  muft,  tmdoubtedly,  have  heard  it  talked  of. 
For  my  part,  painting  rather  feems  to  be  that  to  the 
eye,  which  mufic  is  to  the  ear ;  and  I  greatly  doubt, 
whether  the  reprefentation  of  feveral  fhreds  of  doth, 
of  different  colours,  could  be  very  agreeable. 

27th  Jufy,  1760, 
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LETTER  XXXIt. 

Of  the  Azure»€olour  cf  the  Heavens* 

•^TrOU  have  juft  feeii,  that  the  caufe  of  the  vifibt* 
X  Hty  of  objeds,  is  a  motion  of  vibration  cx^ 
tifemdy  rapid,  by  which  the  minuter  particles  of 
their  furfaces  are  agitated,  and  that  the  frequency  of 
theie  vibrations  determines  the  colour. 

It  is  the  fame  thing,  whether  theie  particles  be 
a^tated  by  an  intriniic  force,  as  in  luminous  bodies^ 
or  whether  they  receive  their  agitation  from  illumi« 
nation,  or  from  foreign  rays,  by  which  they  are  il« 
lumined,  as  in  opaque  bodies.  The  frequency  or  ra* 
pidity  of  the  vibrations  depends  on  the  groflhefs  oi^ 
thefe  particles,  and  on  their  elailicity,  as  that  of  the 
vibrations  of  a  mufical  firing  depends  on  it's  thicks 
nels,  and  degree  of  tenfion  ;  thus,  as  long  as  the  par^ 
ticks  of  a  body  preferve  the  fame  elafticity,  they  re* 
prefent  the  iame  colour  ;  as  the  leaves  of  a  plant  pre^ 
fisrve  a  green  colour,  as  long  as  they  are  frefh ;  but 
when  they  begin  to  dry,  the  ctiference  of  ehftidty, 
^hich  then  takes  place,  produces,  likewife,  a  different 
(xlour.  This  fubjed  I  have  already  difcufied*  I 
now  proceed  to  explain.  Why  the  heavens  appear  to 
us  of  a  blue  colour  in  the  day-time.    . 

On  obferving  this  phenomenon  with  a  vulgar  eye, 
xt  would  appear,  that  we  are  furrounded  by  a  prodi- 
gious vault  of  azure,  as  painters  reprefent  the  fky 
on  a  ceiling,    I  have  no  occafion  to  undeceive  you 
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impeding  this  prejudice :  a  fmall  degree  of  reflec- 
tion is  fuflSicient  to  make  you  compf  ehend,  that  the 
heavens  arc  not  an  azure  vault  to  which  the  ftars  are 
affixed,  like  fo  many  luminous  ftuds.  You  are  per- 
fedly  convinced,  that  the  ftars  are  imm'enfe  bodies, 
at  inconceiveable  diftances  from  us,  and  which  move 
freely  through  a  fpace  almoft  void,  or  which  is  filled 
only  by  that  fubtile  matter  called  ether.  And  I  will 
Shew  you,  that  this  phenomenon  is  to  be  afcribed  to 
our  atmofphere,  which  is  not  perfectly  tranfparent. 
■  Were  it  poffible  to  rife  higher  and  higher  above 
the  furface  of  the  earth,  the  air  would  become  gra- 
dually more  and  more  rare^  till  it  ceafed  to  affift  ref- 
plration ;  and  would,  at  length,  entirely  ceafe ;  we 
ihould  then  have  reached  the  region  of  pure  ether. 
Accordmgly,  in  proportion  as  we  afcend  on  moun- 
tsuns,  the  mercury  in  the  barometer  continues  to . 
£ill,  becaufe  the  atmofphere  becomes  lighter  and 
lighter  :  and  then,  likewife,  it  is  remarked,  that  the 
azure  colour  of  the  heavens  becomes  fainter ;  and 
were  it  poffible  to  mount  into  pure  ether,  it  would 
entirely  difappear ;  on  looking  upward,  we  ihould 
fee  nothing  at  all,  and  the  heavens  would  ap^ar 
black  as  night ;  for  where  no  ray  of  light  can  reach 
us,  every-  thing  wears  the  appearance  of  black. 

There  is  good  reafon,  then,  for  afking,  Why  th^ 
heavens  appear  to  be  blue  ?  This  phenomenon  could 
not  exift,  were  air  a  perfeflly  tranfparent  medium, 
as  ether  is:  in  that  cafe,  we  fhould  receive  from 
above  no  other  rays  but  thofe  of  the  ftars :  but  the 
luffare  of  day-light  is  fo  great,  that  th^  feeble  light 
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mti  the  ftara  is  ahforhcd  by  k.    You  could  not  per- 
ftceive  the  flime  of  a  taper  in  the  day-time,  at  any 
pcmUkleraUe  diftance;  but  tiuit  fame  ftamc,  in  the 
night,  would  appear  very  brilEaJit  at  much  greater 
dift".inces.     This  clearly  proves,  that  we  muif  lot^ 
I  fcr  the  caufc  of  the  azure-cokmr  erf  the  lifiiverw,  in 
■  the  want  erf  tranfparency  iu  tiie  air.      The  air  is 
iJcadcd  with  a  great  quantity  of  {mjH  particles,  whtcH 
Kare  not  perfectiy  tranlpareot,  but  which,  being  Cu- 
lminated by  the  rays  of  the  fun,  teceive  from  them  x 
i  motion  of  vibration,  which  produces  new  rayspro- 
l.per  to  thefe  particles ;  or  etie  they  arc  opaque;,  aod 
Ibecome  viiible  to  us  from  being  illumined. 
I      Now,  the  colour  of  thefe  particles  is  blue ;  and 
F  this  explains  the  phenomenon :  the  air  contains  ai 
great  quantity  of  fniaE  blue  particles :  or  it  may  be 
laid,  that  it's  minuter  particles  are  bluiih,  but  of  a 
.  colour  extremely  delicate,  and  which  becomes  fen- 
I  &lc  to  us  only  in  an  enormous  mafi  of  air.     Thus^ 
P  in  a  room,  we  perceive  nothing  of  this  blue ;  but 
when  the  bluiih  rays  of  the  whole  atmofphere  pene- 
trate our  eyes  at  once,  however  delicate  the  eolfHU' 
of  each  fingly,  their  totality  m^"  j-mdnt 
deep  colour. 

This  is  coniirmed  by  angtbcr 
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thence  to  be  blue,  but,  ^ewed  from  Halbdrftadt,  they 
wre  green.  The  great  extent  of  ar  between  Magde- 
bui^  ;Uid  thefe  mountains,  is  the  reafon  of  it.  How- 
ever deUcate  or  rare  the  bluiih  particles  of  the  air 
may  be,  there  is  fuch  a  prodigious  quantity  of  them 
in  that  interval,  the  rays  of  which  enter  into  the  eye 
at  once,  that  they  reprefent  a  tolerable  deep  blue.* 

*  Tfaii  explanKtion  of  the  bluenefs  of  the  Iky  is  firaincd  and 
•nfitufitdoTj.  The  air  is,  like  water,  perfcAly  colourlefs,  other- 
tn&  any  portion  of  it  might  be  diftinguiflied  b^  the  tight.  Be- 
fido,  the  bluenefs  of  the  Iky,  even  in  dear  weather,  is  not  uni- 
fonnly-tbe  fiunci  but  acquires  different  degrecB  of  intenfity,  and 
difivrent  ihad«s,  from  a  variety  of  drcumflances,  the  cTimate,  the 
feafon,  and  the  elevation  of  the  place.  The  true  explanation  of 
the  phenomenon  muft  be  fought  from  other  piinciplea.  The 
tnoft  refrw^ble  nys  are,  at  minute  difiancts,  attracted  or  re- 
jwllcd,  by  oolourlefi  fubdances,  with  the  greatell  force.  A  fun- 
beam,  thdd'ore,  in  it't  paflage  through  the  atmofphere,  will  firft 
kHc  it's  violet  rsys  mod  profufely,  next  the  indigo,  then  the  blue, 
and  if  the  tnck  be  of  fufGcient  length,  perhaps  a  few  of  the  green. 
The  twftf  thns  feparated,  are  either  abforbed  by  the  air,  or  they 
1,  and  caufe  the  blue  appearance.  Hence,on  the  fum- 
f  lolly  mountains,  the  colour  of  the  heavens  feems  faint 
1,  and  inclined  fbmewhat  to  violet.  On  the  contrary,  In. 
d  air,  the  colour  is  a  light  milky  blue.  Hence,  alfo* 
tt  aZare  which  paints  tlie  (ky  of  the  fouthem  regions, 
•  tbe  drynefs  of  the  air,  and  the  fhortnefs  of  the  light'* 
c  reafon,  not  only  the  quantity,  but  even  the 
I  the  liglit  which  we  receive  from  the  fun,  depends  on . 
[  riling,  and  letting,  thofe  rays  which  reacli  the 
I  the  k>wei  range  of  clouds,  are  chiefly  the  red- 
r  elevation  of  the  fun,  the  prevailing  colour  of 
what  qraoge;  and  when  fiUl  higheriit  is  a  dilute 

apla  will  account  foi  the  cqIout  of  the  ocean. 
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We  remark  a  fimilar  phenomenon  in  a  fog,  when 
the  air  is  loaded  with  a  great  quantity  of  opaque 
particles  of  a  whitifli  colour.  On  looking  to  only 
a  fmall  diftance,  you  fcarcely  perceive  the  fog ;  but 
when  the  diftance  is  confiderable,  the  whitiih  colour 
becomes  very  perceptible ;  to  fuch  a  degree,  that  it 
is  impoffible  to  fee  through  it.  The  water  of  the 
fea  appears  green  at  a  certain  depth ;  but  when  you 
take  up  a  fmall  quantity,  as  much,  for  inftance,  as  a 
glafs  will  contain,  it  is  fufficiently  diaphonous,  and 
has  no  fenfible  colour :  but  in  a  great  extent,  when 
you  look  toward  the  bottom,  fo  many  greenifh  rays 
collefted  produce  a  deep  coloulr. 

2*jtbJuJyy  1760. 

■which  is  dark  blue.  It  is  only  in  Teas,  not  exceeding  one- hundred 
fathoms  in  depth,  that  the  refledion  from  the  white  bottom  di- 
hites  the  proper  colour,  and  fornh  a  glaucous  hue.  This  appear- 
ance is  an  invariable  fign  of  the  fhallownefs  of  the  water,  whicth 
IS  often  a  token  of  the  proximity  of  the  land.  Dr.  Hally  relates 
an  obfcrvation  that  he  made  in  a  diving-bell,  which  confirms 
thefe  reafonings ;  after  defcending  to  a  great  depth  in  the  fea,'  he 
ilrelched  out  his  hand,  on  which  the  fun  flione  through  tbe  watery 
and  painted  a  beautiful  crimfon.  The  fame  obfervation  may  be 
extended,  even  to  fubftances  that  are  reckoned  opaque.  Hold  an 
ivory  knife  in  the  focus  of  a  burning  glafs,  perpendicular  tD  the 
pencil  of  light,  and  a  bright  yellowifh  fpot  will  be  perceived  on 
the  back.  Incline  the  knife  gradually,  and  the  colour  of  the  fpot 
ivill  pafs  through  all  the  intermediate  fhades,  an^  terminate  in  a 
fine  red.  It  is  fcarce  necefTary  to  remark,  that  this  experifnent. 
mud  be  performed  expeditioully,  left  the  ivory  be  fcorched.— J&.£. 
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LETTER  XXXIII. 

Of  Rap  ifftdngfrom  a  dijlant  luminous  Pointy  ancUrf 

.  the  vifual  Angle. 

AS  long  as  the  rays  produced  by  the  rapid  vibra- 
tion of  the  minuter  particles  of  a  body,  move 
in  the  fcme  tranfparent  medium,  they  preferye  the 
fame  difeftion,  or  difFufe  themfelves  in  all  directions, 
in  ftraight  lines.  Thefe  rays  may  be  reprefented  by 
the  radii  of  a  circle,  or  rather  of  a  fphere,  which, 
iffuing  from  a  centre,  proceed  in  ftraight  line^  to  the 
circumference}  audit  is  on  account  of  this  refem- 
blance,  that  vsre  employ  the  fame  term  radius^  or  ray, 
to  exprefs  them,  though,  properly  fpeaking,  the  light 
does  not  confift  of  lines,  but  of  very  rapid  vibra- 
tions, going  continually  forward,  in  the  direction  of 
ftraight  lines :  and,  for  this  reafon,  light  may  be 
coniidered  as  ftraight  lines,  iffuing  from  a  luminous 
point,  in  all  direftions.  / 

Let  C  (plate  l^Jig.  1 1.)  be  a  luminous  point,  fropi 
which  rays  iffue  in  all  direftions.  Let  two  fpheres 
be  defcribed  round  C,  as  a  centre,  of  the  one  of 
which,  let  the  great  circle  he  ab  de^  and  of  the  other 
A  B  D  E.  The  light  diffufed  over  the  furface  of  the 
fmaller  fphere  abde^  will  likcwife  occupy  that  of  the 
greater  fphere  A  B  D  E.  The  light,  then,  muft  be 
more  faint  and  weak  at  the  furface  of  this  laft,  thaxi 
on  that  of  the  fnialler  fphere  abde.  Hence  it  ipay 
be  concluded^  that  the  effect  of  light  muft  be  i^allev, 
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in  proportion  to  the  diftance  from  the  luminous 
point.  -  If  we  fuppofe,  that  the  radius  of  the  greater 
fphere  is  double  that  of  the '  fmaller,  the  furface  of 
the  greater  fphere  will  be  four  tim^  as  great.  Since, 
tKerefore,  the  fiime  quantity  of  light  is  difiufed  over 
the  furface  of  the  greater  fphere,  and  over  that  of 
the  fmaller,  it  muft  follow,  that  light,  at  double  the 
diftance,  is  four  times  more  faint ;  at  thrice  die  dis- 
tance, nine  times ;  at  a  quadruple  diftance,  fixteep 
times ;  and  fo  on.* 

On  applying  this  rule  to  the  light  of  the  fim,  it  * 
will  appear,  that  if  the  earth  were  removed  to  doulde 
the  diftance  from  the  fun,  the  light  derived  froi^ 
him  would  be  rendered  four  times  more  faint ;  and 
if  the  fun  were  a  hundred  times  farther  from  us,  his 
brightnefs  would  be  a  hundred  times  a  hundred,  that 
is,  ten  thoufand  times  lefs.  Suppofing,  then,  a  fixed 
flar  to  be  as  great,  and  as  luminous  as  the  fun,  but 
that  it  was  400,000  times  farther  from  us,  it's  light  will 
be  400,000  times  400,000,  that  is,  160,000,000,000 
times  more  faint  than  that  of  the  fun.  Hence  we 
fee,  that  the  light  of  a  fixed  flar  is  nothing,  compared 
to  that  of  the  fun ;  and  this  is  the  reafon  that  we 
do  not  fee  the  ftars  in  the  day  time ;  a  feebler  li^t 

*  As  the  furfaces  of  fpheres  are  to  one  another  as  the  fquanw 
of  their  radii,  it  mull  be  concluded}  from  what  the  Author  ha» 
jast  now  faid,  that  the  inteniity  of  light,  at  different  diftances 
from  the  point  which  produces  it,  is  in  the  inverfe  ratio  of  the 
fquare  of  thefe  diftances.  It  mud  be  recolle^d,  that  the  fquart 
of  a  number  is  the  produd  which  refults  from  the  multiplicatioa 
of  that  number  by  itfdf.— P.  £. 
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always  diikppears  in  prefence  of  one  much  more 
Ixight.  The  fame  thing  holds  good  with  refped  to 
candles,  and  all  other  luminous  bodies^  which  admi- 
tiiStet  \e&  light,  in  proportion  to  their  diftance  from 
lis ;  and  you  muft  have  frequently  remarked,  that 
liowever  llrong  a  light  may  be,  it  is  infufiicient  to 
aflift  us  in  reading  a  printed  book,  if  you  remove 
fjcom  it  to  any  confiderable  diftance. 

There  lis  ftill  another  circumftance,  clofely  con- 
nedbed  with  what  I  have  juft  obferved ;  namely,  that 
die  fame  objeft  appears  fmaller  to  us,  in  proportion 
to  it's  diftance,  A  giant,  at  a  great  diftance,  does 
not  appear  taller  than  a  dwarf  near  us.  To  form  % 
clearer  judgment  of  this,  it  is  neceffary  to  attend  to 
the-angles  at  which  thefe  obje^  are  feen  by  us^ 

Let  us  fuppofe,  then,  (plate-  l^jfig^  1 2,)  A  B  to  bq 
an  obje<^,  fay  a  man,  and  that  the  eye  looks  at  it 
from  the  point  C.  Draw  from  that  point  the  ftraight 
lines,  A  C  and  B  C,  which  reprefent  the  extreme 
rays  proceeding  from  the  object  to  the  eye  ;  we  call 
the  an^e  formed  at  C,  the  vifual  angle  of  that  ob^ 
jeft  for  the  point  C.  If  we  look  at  the  (ame  otjedl 
from  a  imaller  diftance,  at  D,  the  vifual  angle  D 
will  be,  undoubtedly,  greater :  hence  it  is  clear,  that 
the  more  diftant  the  fame  objcft  is,  the  fmaller  is  It's 
vifual  angle ;  and  the  nearer  it  approaches,  it's  vifual 
angle  becomes  greater. 

Aftronomers  meafure  very  accurately  the  angles; 
under  which  we  fee  the  heavenly  bodies,  and  they 
have  found,  that  the  vifual  angle  of  the  fun  is  fome- 
what  more  thaii  half  a  degree.  If  the  fun  were 
•'••-'  K  4  twicQ 
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twice  farther  from  us^  this  angle  woiild  bf  reduced 
to  the  half;  and  then  it  wiU  not  feem  furprizing 
that  it  Ihould  fnrniih  us  four  times  lefs  light,  Angl 
if  the  fun  were  400  times  farther  oflF,  his  vifual  angle 
woyld  become  fo  many  times  lefs,  and  then  that  lur 
xninary  would  appear  no  greater  than  a  fbr.  We 
mufl,  therefore,  carefully  diftinguifh  the  appairent 
greatnefs  of  any  objed  from  it'^  real  greatnefs.  The 
fifft  is  always  an  angle  greater  or  leis,  according  as 
the  objed  is  nearer  or  more  diftant.  Thus  the  apr 
parent  greatnefs  of  the  fun,  is  an  angle  of  about 
half  a  degree,  whereas  his  real  magnitude  ^.furr 
pafles  that  of  the  earth ;  for  the  fun  being  a  globe, 
his  diameter  is  eflimated  to  be  i72,ooq  German 
miles,*  while  the  diameter  of  the  earth  is  only 
l72ot  miles^ 

t^^th  Jtdy^  176Q. 

^  790,000  miles  £ngli(h.  f  7  9920  miles  ^gliih, 

X  Allronomers  likewife  call  the  apparent  diameter  of  a  ilar  the: 
•nglc  under  which  it  is  feen.  Thus,  they  fay,  that  the  mean  diar 
meter  of  the  fun  is  31'  58";  that  of  the  earth,  viewed  from  the 
fun,  would  be  12".  Hence  it  follows,  that  the  diameter  of  the 
<farth  being  &86c  leagues,  that  of  the  fun  is  323,000  leagues. 
The  German  mile  contains  4000  fathoms,  or  24,000  feet.  The 
league  of  France  contains  2282  fathoms.  Hence  it  is  e&fy  to  re-y 
duce  the  one  xneafuremept  into  the  othei.-rf  •  Bs 
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LETTER  XXXIV. 

Of  the  Supplement  which  "Judgment  lends  to  Vijion* 

TTTTHAT  I  have  now  fubmitted  to  you  on  the 
^  ^  phenomenon  of  vifion,  belongs  to  optics, 
which  is^  a  branch  of  mixed  mathematics,  and  which, 
.likewiiey  holds  a  coniiderable  rank  in  phyiics.  Bc- 
fide  colours,  the  nature  of  which  I  have  endeavoured 
to  explain,  it  is  the  bufinefs  of  optics  to  treat  of  the 
■  ^lanner  in  which  vifion  afts^  and  of  the  diflferent 
;angle$  under  which  objefts  are  feen. 

You  muft  have  already  remarked,  that  the  fame 
pbjed:  may  be  viewed,  fometimes  under  a  greater 
vifiial  angle,  fometimes  under  a  fmaller,  as  it  is  Ids 
pr  more  diftant  from  us.  I  fay  farther.  That  a  fmall 
obje^  may  b^  viewed  under  the  fame  angle  as  a  great 
one, when  the  former  is  very  near,  and  the  latter  very 
diftant*  A  finall  difli  may  be  placed  before  the  eye 
in  fuch  a  manner,  as  to  cover  the  whole  body  of  the 
fun ;  and,  in  effeft,  a  plate  of  half  a  foot  diameter, 
^t  thq  diftapce  of  54  feet,  exaftly  covers  the  fun,  and 
is  feen  under  the  fame  angle :  and  yet  what  a  pro- 
digious diflFerence  between  the  fize  of  a  plate  and 
^at  of  the  fun :  The  full  moon  appeal's  to  us  under 
nearly  the  fame  vifual  angle  as  the  fun,  and,  of  con- 
fequence,  nearly  as  great,  though  in  reality  much 
imaller }  but  it  is  to  be  confidered,  that  the  fun  is 
almoft  4PP  time§  more  remote  from  us  than  the 
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The  vifual  angk  is  a  point  of  fo  much  the  more 
importance  in  optics,  that  the  images  of  the  objeds, 
vrhich  paint  thcmfelves  on  the  bottom  of  the  eye, 
depend  upon  it.  The  greater  or  lefs  the  vifual  angle 
is,  the  greater  or  lefs  they  (the  objefts)  are  great  or 
little.  And  as  we  fee  objefts  out  of  ourfelves,  only 
fo  far  as  their  images  are  painted  on  the  bottom  of 
the  eye,  they  conftitute  the  immediate  objed  of 
Tifion  or  fenfation.  One  of  thefe  images^  UiereSdre^ 
leads  us  to  the  knowledge  only  of  three  things. 
Firft,  it's  figure  and  it's  colours  condud  to  the  con- 
cluiion,  That  there  is,  out  of  us,  a  finular  otjefl,  of 
fuch  a  figure,  and  fiich  a  colour.  Secondly,  it's  mag- 
nitude difcovcrs  the  \'ifual  angle  under  wluch  the 
objf^' appears  to  us:  and,  finally,  it's  place  on  the 
bottom  of  the  eye  makes  us  fenfible  of  the  dirediofi 
of  the  external  objeft,  relatively  to  us,  or  that  in 
>^•hich  the  nm  emitted  from  it  reach  our  eyes. 

In  thcle  three  particulars  confifts  the  phenomemm 
ctf  N-iiion ;  and  we  only  perceive,  i  ft,  the  figure  and 
a^U>urs  :  idly,  the  vifual  angle,  or  the  apparent  m2^- 
niuulc ;  and^  J)dh\  the  direction^  or  the  [dace  in 
which  \iT  conclude  that  the  objeck  exifis.  Vificm, 
then.,  dita>\xcs  to  us  nothing  rdjpeding  either  the 
red  nugiiJiudc  of  obyccfcs*  w  their  diftaaoes.  Thom^ 
\XT  t\\\;uor.tK*  inuginc*  that  we  con  detcradne  by 
t^c  c^-r  the  nuj;n*tudc  and  diihnce  ctf  an  obiecfc, 
this  is  r,v>t  an  act  o.t  >-idon*but  ot  the  underiramfing. 
*rhc  o;hcr  tVniV^  jmd  haHts  of  k^^iy  icuidins:*  enaUe 
us  to  cAuu:o  it  w  ha:  vHtt:in"0?  an  ob^^  »  trom  us. 
l^:t  :^'.s  Uvul:v  c>.tc::d>  or.K*  to  c^>ccb  at  no 
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difiance.  Whenever  their  diftance  becomes  conlL 
deraUe,.  our  judgment  cannot  exerdie  itfelf  with 
certainty ;  and  if  fbmetimes  we  venture  to  hazard  a 
dedfion,  it  is  gener<Jly  very  remote  from  the  truth. 

Thus,  no  one  can  pretend  to  fay  that  he  fees  the 
magnitude  or  the  diftance  of  the  moon ;  and  when 
the  vulgar  imagine  they  can  judge  of  the  firft,  by 
confidering  it  as  equal  to  that  of  the  terrefirial  bo- 
dies which  are  ieen  under  the  fame  angle,  it  is  not 
by  vifion  they  are  deceived,  but  by  their  judgment, 
iirhich  they  want  to  apply  to  an  objeft  far  beyond 
4lieir  reach.  It  is  certain,  therefore,  that  the  eyes 
alone  can  determine  nothing  refpecling  the  diftance 
and  magnitude  of  objeds. 

To  this  fubjed  may  be  referred  the  very  remark- 
able cafe  of  a  man  born  blind,  who  obtained  fight, 
by  means  of  an  operation,  at  an  advanced  period  of 
life  :*  This  perfon  was  at  firft  dazzled :  he  could  dif- 
tinguiih  nothing  as  to  the  magnitude  and  diftance  of 
objeAs.  Every  thing  appeared  fo  near,  that  he 
wanted  to  handle  them.  A  confiderable  time,  and 
long  practice,  were  requifite  to  bring  him  to  the  reEl 
ufc  of  fight.  He  was  under  the  necefity  of  ferving 
a  long  apprenticefliip,  fuch  as  we  perform  during  the 
term  of  childhood,  and  of  which  we  afterwards 
preferve  no  recollection. 

This  it  is  which  inftrufted  us,  that  an  object  ap- 
pears to  us  fo  much  the  more  clear  and  diftincb  as  it 

*  This  was  the  blind  man,  on  whom  the  famous  Ckefelden  per- 
formed the  operation  of  the  couching  catara(5i. — F.  E» 
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is  nearer ;  and  reciprocally,  that  an  objeft  which  ap- 
pears dear  and  diftinft  is  near  ;  and  when  it  appears 
obfcure  and  indiftind,  that  it  is  at  a  diftance.  It  is 
thus  that  painters,  by  weakening  the  tints  of  the  olv 
jeds  which  they  wifli  to  appear  remote,  and  ftrength- 
ening  thofe  which  they  would  reprefcnt  as  nearer, 
are  enabled  to  determine  our  judgment,  confOTmably 
to  the  eflfeft  which  they  mean  to  produce.  And  they 
iiicceed  fo  perfeftly,  that  we  confider  fome  of  the 
objefts  reprefented  in  painting  as  more  diftant  than 
others :  an  illuiion  which  could  not  take  place,  if 
vifion  difcovered  to  us  the  real  diftance  and  magni- 
tude of  objefts. 

ifiAuguft^  1760, 


»e-«>#4 


LETTER  XXXV. 

Explanation  of  certain  Phenomena  relative  to  Optics^ 

"X^OU  have  juft  feen,  that  vifion  alone  difcovers 
-*•  to  us  nothing,  refpecling  either  the  real  mag- 
nitude or  the  diftance  of  objefts ;  and  that  all  wc 
imagine  we  fee,  whether  as  to  the  diftance  or  mag- 
nitude of  any  object,  is  the  effed  of  judgment,"  We 
inuft  carefully  diftinguilh  that  which  the  fenfes  re- 
prefcnt to  us,  from  what  judgment  adds,  in  which 
we  frequently  deceive  ourfelves.  Many  philofopherfi, 
who  have  declaimed  againft  the  accuracy  of  the 
fenfes,  ami  who  meant  thence  to  infer  the  uncer^ 

tainty 
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tainty  of  all  human  knowledge,*  have  confounded 
the  proper  reprefentations  of  our  fenfes  with  judg- 
ment. 

This  is  their  mode  of  reafoning :  We  fee  the  fim 
no  bigger  than  a  trencher,  though  it  be  infinitely 
greater ;  therefore  the  fenfe  of  feeing  deceives  us  ; 
therefore  all  our  fenfes  deceive  us ;  at  leaft,  we  can- 
not depend  on  them :  therefore,  all  the  knowledge 
we  acquire  by  means  of  the  fenfes,  is  uncertain,  and 
probably  falfe :  We,  therefore,  know  nothing.  Such 
is  the  reafoning  of  thefe  fceptics,  who  boaft,  fo  vain  • 
glorioufly,  of  their  ingenuity ;  though  there  be  no- 
thing fo  eafy  as  to  fay,  that  every  thing  is  uncertain ; 
and  the  greateft  dunce  may  make  a  fhining  figure  in 
this  fublime  philofophy.  But  it  is  abfolutely  falfe, 
that  the  fight  reprefents  to  us  the  fun  no  bigger 
than  a  pewter  plate ;  it  determines  nothing  what- 
ever refpcfting  his  magnitude ;  it  is  our  judgment 
alone  that  deceives  us.  When  the  objects,  however, 
are  not  very  diftant  we  can  pronounce  with  toler- 
able exaclnefs  on  their  dimenfions  and  diftanccs  ; 
and  the  other  fenfes,  joined  to  the  degree  of  clear- 
nefs  with  which  we  fee  thefe  fame  objefts,  render 
our  judgments  fufiiciently  certain.  Now,  as  foon  as  ^ 
we  have  the  idea  of  the  diftance  of  an  objeft,  we 
form  to  ourfelves,  likcwife,  that  of  it's  real  magni- 
tude, knowing  that  it  depends  on  that  diftance. 

•  Such  were  the  Pyrrhonifts.  We  ft  ill  give  the  name  of  fccji- 
iiciffiif  or  Pyrrhojiirai,  to  thi?  ilate  of  univerfal  doubt  or  uncer- 
taintjr.TrF.  £. 

Hence 


142      EXPLA^TAttcm  OP  CERTAIN  IWENOMEKA 

Hence,  the  more  difiant  we  reckon  an  objeft  to  he^ 
the  greater  we  conclude  is  it^s  magnitude ;  and  reci« 
pfocally,  the  nearer  we  conclude  it  is,  the  fmallcr  we 
fuppole  it.  We^  of  c(mrfe,  frequently  take  dnc  body 
for  another  of  much  greater  magnitude,  when  a  fu& 
peniion  of  judgment  prevents  our  taking  difianee 
into  the  accounts  The  reafon  is  that  %  very  Ixrf^ 
body  may  be  feen  at  a  great  diftande,  Under  the  iame 
angle  as  a  imall  obje£l  placed  near  u»« 

There  is  another  phenomenon,  well  knMm  to 
every  one,  and  which  has  given  oecaiion  to  SBtany 
difputes  among  the  learned^  and  which  it  is  now 
perfeAly  eaiy  to  explam.  The  full  moon  a]^>ears 
to  every  eye  at  the  time  of  her  rifing  to  be  much 
greater  than  when  ihe  has  got  to  a  confiderable  height 
above  the  horizon,  though  the  vifual  angle  of  tli« 
apparent  magnitude  be  the  fame«  The  fun,  too^  at 
the  time  of  rifing  and  fetting,  appears  to  every  one 
greater  than  at  noon.  What  then  is  the  foundation 
of  this  judgment,  fo  univerfal,  and  fo  falfe  ?  k  is  un« 
doubtedly  becaufe  we  judge  the  fun  and  the  UKxm 
in  the  horizon  to  be  at  a  greater  difiance  from;  us 
than  when  they  have  got  to  a  confiderable  height. 

But  how  come  we  to  form  fuch  a  judgment  ?  Tjhe 
common  anfwer  is,  that  when  the  fun  and  the  moon 
are  in  the  horizon,  we  perceive  a  great  many  obje^ 
between  them  and  us  which  feem  to  increafe  thehr 
diftance;  whereas  when  the  fun  and  moon  have 
rifen  to  a  great  height,  we  pei:ceive  nothing  between. 
them  and  us,  and  therefore  conclude  that  they  arc 

nearer. 
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nearer.  I  know  not  whether  this  explanation  will 
be  iatis£[iftoFy.  t  may  be  objeded  that  an  empty 
apartment  appears  greater  than  one  completely  fur-^ 
zuihedy  though  the  fize  be  exadly  the  fame ;  feveral 
intervening  obje&,  therefore,  do  not  always  lead  us 
to  ima^e  that  one  more  rehiote  is  at  a  greater  dit 
tance  than  is  really  the  cafe.  I  flatter  myielf  that 
the  CoiUowing  fblution  will  be  deemed  more  natural, 
and  better  founded. 

Let  the  circle  A  (plate  I.  Jig.  13.)  reprefent  the 
earthy  and  the  dotted  circle  the  atmofphere,  or  air 
with  which  the  earth  is  furrounded ;  fuppofe  your* 
feif  fiationed  at  the  point  A,  if  the  moon  is  in  the 
liorizon,  the  rays  will  reach  you  in  the  direction  of 
the  Hne  B  A ;  but  in  her  extreme  height,  the  ;:ays 
viU  defixnd  in  the  line  C  A.  In  the  firf):  cafe  the 
rays  pais  through  the  greater  fpace  B  A ;  and  in  the 
iecond  cafe  through  the  fmaller  fpace  C  A.  Now, 
you  ^»nM  pfeafe  to  recollecl,  that  the  rays  of  light 
vrhich  pafi  through  a  tranfparent  medium  have  their 
Ibroe  diminifhed  in  proportion  to  the  length  of  the 
paflage.  The  atmofphere  or  air,  then,  being  a  tranf- 
parent medium,  the  ray  B  A  muft  hi  it's  paflage  lofe 
much  more  of  it's  force  than  the  ray  C  A.  Hence 
it  foDbws,  in  general,  that  all  the  celefiial  bodies  ap- 
pear much  leis  brilliant  in  the  horizon  than  whea 
£illy  rHen  and  elevated.  We  are  able  to  look  diredly 
even  at  the  fun,  when  he  is  in  the  horizon ;  but 
when  once  he  has  gained  a  certain  height,  the  eye  is 
conftrained  to  flirink  from  his  luftre. 

I  conclude  from  this  that  the  moon^  too,  appears. 

lefe 
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Ids  brilUant  in  the  horizon  than  when  elevated.* 
Now,  you  will  recollecl:  what  I  fai.tl  a  little  above,  in 
fpeaking  of  effecl  in  paiAting,  that  the  fame  objefl: 

'appears 

♦  This  explanation  of  the  appearance  of  the  horizontal  moon 
-was  offered,  in  the  beginning  of  the  prefent  century,  by  the  aCute' 
Dr.  Berkeley,  Bifhop  of  Cloync.  It  has  iince  beetf  i^fiitcd  by 
ihat  excellent  optician,  Dr.  Smith,  ivho  was  the  firfl  that  com- 
pletely inveftigatcd  this  curious  fubjed.  The  following  is  an  ab-* 
ftrtdt  of  the  theory,  from  Dr.  Prieftley's  "  Hiftory  of  Vifion, 
Light,  and  Colours.'* 

"  If  the  furfacc  of  the  earth  were  perfedfy  plane,"' fays  Dn 
Smith,  "  the  diftance  of  the  viiible  horizon  woald  fcarcc  exceed 
5000  times  the  height  of  the  eye  above  the  ground,  or  the  diftance 
of  miles  (fuppofing  the  height  6f  the  eye  to  be  between  five  and 
£x  feet)  and  all  objedls  placed  beyond  that  diftance  would  appear  • 
in  the' viiible  horizon.  All  objeds  and  clouds,  likewife,  placed  at 
any  diftance  beyond  this,  miift  confcquently,  if  they  be  viiible  at 
all,  appear  to  be  in  the  horizon.  "  Hence/'  he  fays^  ^*  if  wc 
fuppofc  a  vail  wall  to  be  built  at  the  extremity  of  the  plane^  be-' 
yond  the  point  of  viiible  diftance,  it  will  not  appear  ftraight,  but 
circular,  as  if  built  upon  the  circumference  of  the  horizon ;  and, 
if  continued  infinitely,  would  make  a  perfeft  femi-circle.  If  now 
this  round  plane,  with^the  wall  upon  it,  be  imagined  to  be  nufedy 
till  it  come  perpendicular  to  the  reft  of  the  plane,  on  which  a  per-^ 
ion.  ftands,  the  wall  will  appear  like  the  concave  figure  of  the 
clouds  over  his  head.  But  though  the  wall  in  the  horizon  appear 
in  the  ihape  of  a  femi-circle^  yet  the  cieling  will  not,  but  much 
Matter ;  becaufe  the  horizontal  plane  was  a  viftble  furface,  which 
fuggeiled  the  idea  of  the  fame  diflances  quite  round  the  eye;  but 
in  the  vertical  plane,  extended  between  the  eye  and  the  cieling, 
there  is  nothing  that  uff'edls  the  fenfe  with  an  idea  of  it's  parts, 
Confcquently  the  apparent  diftances  of  the  higher  parts  of  the 
cieling  will  be  gradually  diminiihed.  Now,  when  the  iky  is  quiU: 
crvercatt  \yith  clouds  of  equal  gravities,  they  will  all  float  in  the 
tix  at  equal  heights  above  the  earth,  and  confcquently  will  com- 

poXc 
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appears  to  tis  more  diftant  when  it*s  light  is  weak* 
ened :  the  moon,  then,  being  in  the  horizon,  muft 
appear  more  diftant  than  at  any  point  of  elevation. 

pofe  a  furface  refembling  a  large  cieling,  as  flat  as  the  vliible  fur- 
focc  of  the  earth.  It's  concavity,  therefore,  is  not  real,  but  appa* 
rent;  and  when  the  heights  of  the  clouds  are  unequal,  fince  tlieir 
real  (hapes  and  magnitudes  are  all  unknown,  the  eye  can  feldom 
diHinguifh  the  unequal  diilances  of  thofe  clouds  which  appear  in 
the  fame  diredUons,  unlefs  when  they  are  very  near  us,  or  are 
driven  by  contrary  curi^ents  of  the  air.  So  that  the  vifible  ihape 
of  the  whole  furface  remains  alike  in  both  cafes.  And  when  the 
iky  18  either  partly  overcaft,  or  pcrfedWy  free  from  clouds,  it  is  a 
&&  that  wc  flill  retain  much  the  fame  idea  of  it's  concavity,  as 
when  it  was  quite  overcad.  But  if  any  one  thinks  that  the  reflexion 
of  light  from  the  air  is  alone  fufflcient  to  fuggcil  that  idea,  he 
would  not  difpute  it." 

•*  The  concavity  of  the  heavens  appears  to  the  eye,  which  is 
the  only  judge  of  an  apparent  figure,  to  be  a  Icfs  portion  of  a  fphe- 
rical  furface  than  an  hemifphere.  In  other  words,"  he  fays,  **  the 
eenter  of  the  concavity  is  much  below  the  eye ;  and,  by  taking  a 
medium  among  feveral  obfervations,  he  found  the  apparent  dif- 
tance  of  it's  parts,  at  the  horizon,  was  generally  between  three 
and  four  times  greater  than  the  apparent  diftance  of  it's  parts  over 
head." 

**  This  he  determined  by  meafuring  the  actual  height  of  fomc  of 
the  heavenly  bodies,  when,  to  his  eye,  they  feemed  to  be  half  way 
between  the  horizon  and  the  zenith.  In  this  cafe  their  real  altitude 
was  only  a  3  degrees . " 

Upon  thefe  principles  Dr.  Smith  conftrudled  the  following  table : 

Sun  or  Moon's  altitude^ 
in  degrees. 
00 


50 

45 
60 

75 

9« 


Apparent  Diameters, 

or  diflances. 

100 

68 

SO 
40 

34 

3»      ^    ^ 
30     E.  E, 
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The  CGrtfequencc  is  obvious ;  as  we  judge  the  4i£- 
tance  of  the  moon  greater  in  the  horizon,  we  muft 
likewife  judge  her  magnitude  greater.  And  in  ge- 
neral all  the  ftars,  when  near  the  horizon,  appear  to 
us  greater,  becaufe  their  apparent  diftance  is  greater* 

'^d  Augufiy  1760. 
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Of  Shade. 

I  HAVE  endeavoured  to  explain  almoft  all  that  is^ 
ufually  treated  of  in  optics.  All  that  remains  is 
to  fpeak  of  fhade.  You  already  know  too  wefll  wjiat 
is  meant  by  fliade  to  render  it  neceffary  for  mc  to- 
dwell  long  on  the  fubjecl.  Shade  'always  fuppofes 
two  things :  a  luminous  body,  and  an  opaque  body, 
which  does  not  tranfmit  the  rays  of  light.  The 
opaque  bpdy,  then,  prevents  the  rays  of  a  luminous 
body  from  getting  behind  it,  and  the  fpace  which 
the  rays  cannot  reach,  from  this  interception,  is  called 
the  fiiade  of  the  opaque  body,  or,  what  comes  to  the 
fame  thing,  fhade  includes  all  that  fpace  in  which  the 
luminous  body  is  not  to  be  feen,  becaufe  the  opaque 
body  obftructs  it's  rays- 
Let  A  (plate  I.  Jig.  14.)  be  a  luminous  point,  and 
B  C  D  E  an  opaque  body.  Draw  the  extreme  ra)  s 
A  B  M,  A  D  N,  touching  the  opaque  body.  It  is 
evident  that  no  ray  of  light  proceeding  from  A,  can 
penetrate  into  the  fpace  M  B  £  D  N }  a^d  in  what- 
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€vti  point  within  that  fpace  the  eye  may  be  placed^ 
at  O  for  example,  it  will  not  fee  the  luminous  body. 
This  fpace  is  the  fhade  of  the  opaque  body,  and  we 
fee  that  it  is  continually  increafmg,  and  may  extend 
to  infinity*  But  if  the  body  from  which  the  rays 
proceed  be  itfelf  of  great  magnitude,  the  determina* 
lion  of  the  fliade  is  fomewhat  different.  There  are 
three  cafes  which  demand  confideration ;  the  firft  is, 
-when  the  luminous  body  is  lefs  than  the  opaque  ; 
the  fecond,  when  they  are  equal;  and  the  third, 
when  the  luminous  body  is  the  greater.  The  firft 
cafe  is  that  which  we  have  now  been  confidering,  in 
which  the  light  is  fmaller  than  the  opaque  body. 
.  The  fecond  is  reprefented,  (Opiate  l^  Jig*  15O  in 
which  the  luminous  body  A  is  of  the  fame  magnitude 
with  the  opaque  body  B  C  E  D.  If  you  draw  the 
extreme  rays  A  B  M,  A  E  N,  the  fpace  M  B  E  N 
will  be  fhaded,  and  through  the  whole  of  that  fpace 
it  will  be  impoflible  to  fee  the  luminous  body.  You 
fee,  likewife,  that  the  lines  B  M  and  E  N  are  parallel, 
and  that  the  fhade  extends  to  infinity,  always  pre- 
ferving  the  fame  breadth. 

The  third  cafe  is  exhibited,  (plate  I.  fig.  1 6.)  in 
which  the  luminous  body  A  A  is  greater  than  the 
opaque  body  B  C  E  D.  The  extreme  rays,  touch- 
ing the  opaque  body  in  B  and  E,  if  produced,  will 
meet  in  the  point  O,  and  the  fpace  of  the  fliade  B  O  E 
becomes  finite,  and  terminates  in  O.  The  fliade,  in 
this  cafe,  is  termed  conical.  It  is  only  into  this  fpace 
that  the  light  has  no  admiffion,  and  in  which  it  is 

L  2  impoilible 
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impoffible  to  fee  the  luminous  body.  To  this  thicdl 
cafe  belong  the  fliades  of  the  celeftial  bodies,  which 
are  much  fmaller  than  the  luminous  body  which  en- 
fightens  them,  namely  the  fun^ 

We  have  here,  then,  another  difplay  of  the  Cre-^ 
ator*s  wifdom*  For  if  the  fun  were  finaller  than  the 
planets,  their  fhades  would  not  be  terminated,  but 
extend  to  infinity,  which  would  deprive  immenfe 
^aces  of  the  benefit  of  the  fun's  light.  But  the 
magnitude  of  that  luminary  furpaffing  by  fo  many 
times  that  of  the  planets,  their  fhades  are  contracted 
to  very  narrow  bounds,  from  which  alone  the  light 
of  the  fun  is  excluded* 

It  is  thus  that  the  earth  and  the  moon  project 
their  conical  fhades^  and  the  moon  may  occafionaSy 
plunge  into  the  fhade  of  the  earth  either  partially  or 
totally.  When  this  takes  place,  we  fay  the  moon  is 
eclipfed,  either  wholly  or  in  part.  In  the  former 
cafe  we  call  it  a  total  eclipfe  of  the  moon ;  in  the 
other,  a  partial  eclipfe.  The  moon,  likewife,  pro-^^ 
je&  her  fhade,  but  it  is  fmaller  than  that  of  the 
earth..  It  may  happen,  however,  that  the  fliade  of 
the  moon  fhbuld  extend  as  far  as  to  the  earth ;  an  J 
.  then  thofe  who  are  involved  in  that  fhafle,  undergo 
an  eclipfe  of  the  fun.  An  eclipfe  of  the  fun,  then^. 
takes  place  when  the  moon,  interpofing,  prevents^ 
our  feeing  the  fun  wholly,  or  in  part.  We  fee  not 
the  fun  by  night,  though  there  be  no  eclipfe ;  but 
we  are  then  in  the  fhade  of  the  earth,  which  caufes- 
our  greatefl  obfcurity.. 

Hitherta 


10F  SHADE.  149 

Hitherto  we  have  confidered  only  the  cafes  in 
tvhich  the  rays  of  light  are  tranfmitted  in  ftraight 
lines,  which  is  the  profeffed  ohjcSt  of  optics.  But 
it  has  been  already  remarked,  that  the  rays  of  light 
are  fometimes  reflected,  and  fometimes  broken,  or 
Tefra<3:ed.  You  will  recollect,  that  when  the  rays  fall 
on  a  well-polifhed  furface,  fuch  as  a  mirror,  they  are 
reflefl:ed  from  that  furface ;  and  when  they  pafs  from 
one  tranfparent  medium  to  another,  they  undergo 
refraftion,  and  are  in  fome  fenfe  broken.  Hence 
arife  two  other  fciences.  That  which  confiders  vi- 
fion  in  reference  to  reflcfted  rays  is  called  catoptrics ; 
and  that  which  has  for  it's  objeft  vilion,  in  reference 
to  broken  or  refracted  rays,  is  termed  dioptrics.  Op- 
tics  treat  of  vifioh  relatively  to  direct  rays  of  light. 
i  fliall  prefent  you  with  a  fummary  of  thefe  two 
fciences,  catoptrics  and  dioptrics,  as  they  difclofe 
phenomena  which  are  every  day  prcfenting  them- 
fdves,  and  of  which  it  is  of  importance  to  invefti- 
gate  the  caufes  and  the  properties.  Every  thing  re- 
lating to  the  fubjedt  of  vifion  is,  beyond  contradic- 
tion, an  bbjeft  highly  worthy  of  exciting  curiofity, 
and  of  engagijig  attention. 

j/i  Augufi^  1 760. 
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LETTER  XXXVII. 

I 

Of  Catoptrics^  and  the  Reflection  of  Rays  from  plain 

Mirrors. 

/CATOPTRICS  treat  of  vifion- relatively  to  reflea. 
^^  ed  rays.  When  rays  of  light  fall  on  a  well  po? 
liihed  furface,  they  are  reflected  in  fuch  a  manner 
that  the  angles  on  all  fides  arc  equal  among  them^ 
felves. 

To  fct  this  in  a  clear  light,  let  A  B  (plate  Ly%. 
1 7.)  be  the  furface  of  a  common  mirror,  and  P  a  lu-^ 
minous  point,  whofe  rays  P  Q,  P  M,  P  «?,  fall  upon 
the  mirror.     Of  all  thefe  rays,  let  P  Q  be  that  which 
falls  perpendicularly  on  the  mirror,  and  which  lias 
this  particular  and  remarkable  property,  that  it  is  re» 
fl^eclcd  upon  itfclf  in  the  direclioi^  of  Q  P ;  juft  as  on 
a  billiard  table,  when  the  ball  is  ftruck  perpendicu- 
larly againft  the  ledge,  it  is  repelled  in  the  felf-famc 
direction.     But  every  other  ray,  as  P  M,  is  refledled 
in  the  line  M  N,  in  fuch  a  manner  as  to  make  the 
angle  A  M  N  equal  to  the  angle  BMP;  in  which  it 
is  to  be  remarked,  that  the  ray  P  M  is  named  the 
incident  ray,  aitd  M  N  the  refleftcd  ray. .  In  like 
manner,  to  the  incident  ray  P  772,  will  correfpond  the, 
reflected  ray  m  n  ;  andj  conf^quently,  bccaufe  of  the 
refledion,  the  ray  P  M  is  continued  in  the  direftion 
of  the  line  M  N,  and  the  ray  P  in  in  the  direftion  of 
tn  »,  fo  that  we  have  the  angle  A  M  N,  equal  to  B 
M  P,  and  the  angle  A  ///  ti^  equal  to  the  angle  3  771 P 

-  •       *       <• 
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This  property  is  thus  enounced :  The  angle  of  rejlec* 
tion  is  always  equal  to  the  angle  of  incidence. 

I  have  already  taken  notice  of  this  ftriking  pro- 
perty ;  -but  my  defign,  at  prefent,  is  to  (hew  what 
the  phenomema  in  vifion  are  which  refult  from  it. 
Firft,  it  is  evident,  that  an  eye,  placed  at  N,  will  re- 
ceive from  the  luminous  point  P,  the  reflected  ray 
M  N ;  thus  the  ray  which  excites  in  that  eye  the 
fenfation  of  the  body  from  whence  it  proceeded, 
comes  in  the  direftion  M  N,  juft  as  if  the  objeft  P 
were  in  fpme  point  of  that  line ;  hence  it  follows 
that  the  eye  muft  fee  the  objeft  P  in  the  diredioa 
NM. 

In  order  the  more  clearly  to  elucidate  this  faft,  we 
muft  have  recourfe  to  geometry ;  and  you  will  re- 
colleft  with  pleafure  the  propofitions  on  which  the 
following  reafoning  is  founded.  Let  the  perpendi- 
cular ray  P  Q  be  produced  on  the  other  fide  the  mir- 
ror to  R,  fo  that  Q  R  fliall  be  equal  to  P  Q  ;  I  will 
fhew  you  that  all  the  reflefted  rays,  M  N,  and  m  n 
being  produced  behind  the  mirror,  muft  meet  in  that 
point.  For,  taking  the  two  triangles  P  Q  M  and 
R  Q  M,  they  have  firft  the  fide  M  Q  common  to 
both ;  then  the  fide  Q  R  was  made  equal  to  the  fide 
P  Q ;  and,  finally,  the  angle  P  Q  M  being  a  right 
angle,  it's  adjacent  angle  R  Q  M  muft  likewife  be  a 
right  angle.*  Therefore  thefe  two  triangldjt having 
each  an  equal  angle  contained  h)gtwo  equal  fides; 
iliall  be  every  way  equal,!  and  confequently  the  angle 

*  Euclid's  Elements,  book  I.  Pr«p.  13. 

f  Ei^lid,  book  I.  Prop.  4.  ■  / 
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P  M  Q  equal  to  the  angle  R  M  Q.  But  the  angle 
A  M  N,  and  the  angle  R  M  Q,  being  vertical,  are 
equal  to  each  other,*  therefore  alfo  the  apgle  A  M  N 
Ihall  be  equal  to  the  angle  P  M  Q  ;  that  is,  the  angle 
of  reflection  fhall  be  equal  to  the  angle  of  incidence. 
In  the  fame  manner  it  is  demonftrated  that  the  re? 
fleeted  ray  m  n  being  produced,  would  likewife  pafs 
through  the  point  R,  and  confequently  produce  in 
the  eye  the  fame  effect  as  if  the  object  P  were  actually 
placed  behind  the  miriror  at  R,  this  point  being  in 
the  perpendicular  P  Q  R,  at  the  fame  diftance  as  P 
from  the  furfacc  of  the  mirror,  but  on  diffJerent  fides. 
This  will  enable  you  to  comprehend  clearly  why 
mirrors  reprefent  objects  as  if  they  were  behind 
them ;  and  why  we  judge  that  thefe  objects  are 
placed  as  far  behind  the  furface  of  the  mirror  as  they 
really  are  before  it.  It  is  thus  the  mirror  tranfports 
objects  into  another  place,  without  changing  their 
appearance.  To  diftinguifti  in  the  mirror  that  appa- 
rent objeft  from  the  real,  we  name  the  apparent  ob- 
jeft  the  image,  and  we  fay  that  the  images  reprefent- 
ed  by  refleftcd  rays  are  behind  the  mirror.  This 
denomination  feryes  to  diftinguifli  real  objects  from 
the  images  of  them  reprefented  in  mirrors ;  and  the 
images  which  we  fee  in  mirrors  are  perfectly  equal 
aAd  fimlar  to  the  objects,  with  this  exception,  that 
whatflfth?  obj)^  is  on  the  left  appears  in  the  image 
on  th^^^i^^  an|  teciprocally.  Thus  a  perfon  wear- 
«ig  his  fword  QilH^^c  Iqj^fide,  appears  with  it  in  the 
mirror  on  his  right. 

•  Euclid,  tM|P  I.  Prop.  15. 
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From  what  has  been  faid,  it  is  always  eafy  to  fettle 
the  image  of  any  objeft  whatever  behind  the  mirror. 

For  A  B  (plate  H.^^.  i .)  being  a  mirror,  and  E  F 
gn  objeft,  fay  an  arrow :  draw  from  the  points  E  and 
J'  the  perpendiculars  E  G  and  F  H,  to  the  furface  of 
the  mirror,  and  produce  thefe  to  e  and  /,  fo  that 
E  G  fliall  be  equal  to  €  G,  and  F  H  to/H,  ^/will 
be  the  image  fought,  which  will  be  equal  to  the  ob- 
ject E  F,  becaufe  the  quadrilateral  figure  G  ^  /  H  is 

> 

in  all  refpefts  equal  to  the  quadi'ilateral  figure  G  E 
F  H.  It  muft  be  ftill  farther  remarked,  that  were 
you  even  to  cut  off  from  the  mirror  a  part,  as  C  B, 
and  A  C  was  the  mirror,  the  image  ^/ would  not  be 
changed.  And  confequently  when  the  mirror  is  not 
fuffidently  large  to  admit  the  falling  of  the  perpen- 
diculairs  E-G  and  F  H  upon  it,  we  muft  fuppofe  the 
plane  of  the  mirror  to  be  extended,  as  we  produce 
lines  in  geometry  when  wc  want  to  let  fall  perpendi- 
culars upon  them.  What  I  have  faid  refpecls  only 
common  mirrors,  whofe  furface  is  perfcdly  plain. 
Convex  and  concave  mirrors  produce  different  effeds. 

.    ph  J^^ufi^  1760. 

LETTER    XXXVin. 

fiefledign  of  Rays  from  convex  and  concave  Mirrors. 

Burning  Mirrors. 

PJ^  VERY  thing  relating  to  the  r^dioii  ^f  grays  is 
"f-V  reduced,  as  you  have  feen,  t^two  things ;  the 
pne  of  which  is  the  phce  d?  the  image  which  the  re- 
fleded  rays  reprefeut ;  and  the  other  the  relation  of 

2  the 
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the  image  to  the  objeft.  In  ordinary  or  plain  mir- 
rors, the  image  of  the  object  is  behind  the  mirror,  at 
a  diftance  equal  to  that  of  the  object  before  the  mir- 
ror, and  it  is  equal  and  fimilar  to  the  object.  To 
both  of  thefe  circumftances  we  muft  attend  when 
the  mirror  is  not  plain  5  but  when  it's  furface  is  con- 
vex or  concave ;  for  in  either  cafe  the  image  is,  for 
the  moft  part,  ftrangely  disfigured.  You  muft  fre- 
quently have  remarked  that  on  prefenting  any  objeft 
before  a  fpoon  very  highly  poliftied,  you  fee  it*s 
image  greatly  disfigured,  whether  reflefted  from  it*s 
interior  furface,  which  is  concave,  or  from  it*s  exte*- 
rior,  which  is  convex. 

A  globe  of  filver,  finely  poliflied,  reprefents  objects 
with  fufficient  accuracy,  but  in  miniature.  If  the 
interior  furface  of  the  globe  is  well  poliflied,  objefts 
appear  upon  it  magnified ;  provided  always  that  they 
are  not  too  diftant.  For  the  fame  objefts  may  like- 
wife  appear  fmaller  ind  inverted,  if  they  are  removed 
far  from  the  mirror.  There  is  no  occafion  to  take 
a  whole  globe ;  any  part  of  it's  furface  whatever 
produces  tlie  fame  effect.  Thefe  mirrors  are  deno- 
minated fpherical ;  and  there  are  two  forts  of  them. 
The  one  is  convey  and  the  other  concave,  according 
as  they  are  taken  on  the  exterior  or  interior  furface 
of  the  fphere.  They  arc  cmiipounded  of  various 
metals,  fufceptible  of  a  fine  polifli ;  whereas  plain 
mirrors  are  ma^of  a  plate  of  glafs,  and  covered  qn 
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one  fide  with  a  preparation  of  mercury,  defigned  to 
flop  the  paflage  of  the  rays,  and  to  reflect  them.     I 


begin  with  convex  mirrors. 
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Let  A  C  B  (plate  11.  fg.  2.)  be  a  mirror,  the  feg- 
mcnt  of  a  fphere,  whofe  centre  is  G.  If  you  place 
before  this  mirror  an  objeft  E,  at  a  great  diftance, 
it*s  image  will  appear  behind  the  mirror,  at  the  point 
D,  the  middle  point  of  the  radius  of  the  fphere  C  G; 
and  the  magnitude  of  this  image  will  be  to  that  of 
the  objeft,  in  the  relation  of  the  lines  C  D  and  C  E: 
it  will,  therefore,  be  in  this  cafe  much  fmaller  than 
the  objeft,  as  the  line  C  D  is,  in  eflfeft,  much  fmaller 
than  the  line  C  E.  If  the  object  E  approaches  to  the 
mirror,  fo  likewife  will  it's  image.  This  is  all  de- 
monftrable  on  geometrical  principles,  by  fuppofing 
that  any  incident  ray  whatever,  fay  E  M,  is  reflefted 
in  the  direftion  of  M  N,  fo  that  the  angle  B  M  N  may 
be  equal  to  the  angle  C  M  E.  Thus,  when  the  eye 
}s  at  N,  receiving  the  reflected  ray  M  N,  it  will  fee 
the  objeft  E,  according  to  that  direction,  and  will 
pbferve  it  in  the  mirror,  at  the  point  D :  or,  in  other 
words,  D  will  be  the  image  of  the  objeft  placed  at  E, 
but  finaller.  It  is  likewife  eafy  to  fee,  that  the  fmaller 
the  fphere  is,  of  which  the  mit-ror  is  a  fegment,  the 
more,  likewife,  is  the  image  diminilhed. 

I  proceed  to  concave  mirrors,  the  ufe  of  which  is 
very  common  on  many  occafions.  Let  A  C  B  Cplate 
n.  ^^.  3,)  be  a  mirror,  forming  part  of  a  fphere, 
whofe  centre  is  G,  and  G  C  a  radius.  Let  us  fup- 
pofe  an  objeft  E,  very  diftant  from  the  mirror,  it*s 
image  will  appear  before  the  mirror  at  D,  the  middle 
point  of  the  radius  C  G  :  for  any  ray  of  light  what- 
ever, E  M,  from  the  objeft  E,  falling  on  the  furface 
of  the  mirror,  at  the  point  M,  will  be  refle6ted 
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thence,  in  fuch  a  manner,  as  to  pafe  throu^  ihc 
point  D ;  and  when  the  eye  is  placed  at  N,  it  will 
fee  the  object  at  D ;  but  this  image  will  be  to  the  ob- 
jeA  in  the  ratio  of  C  D  to  C  E,  and  coniequentfy 
in  this  caie  imaller  than  it.  And  when  you  bring 
the  object  nearer  to  the  mirror,  the  image  retires ; 
the  object  being  placed  even  at  the  centre  G,  the 
image  is  there  likewife.  If  you  bring  the  object  ffiJl 
forward  to  D,  the  image  will  retire  infinitely  beyond 
£•  But  if  the  object  be  placed  {till  farther  forward^ 
between  C  and  D,  the  image  will  fall  behind  the  mir» 
ror,  and  appear  greater  than  the  object 

When  you  look  at  yourfelf  in  fuch  a  mirror,  at 
fome  point  between  D  and  C,  your  face  will  appear 
firightfully  large.  This  is  explained  by  the  nature  of 
reflection,  in  virtue  of  which  the  angle  of  inddence, 
E  M  A,  is  always  equal  to  the  angle  of  refle&ion, 
C  M  N.  To  this  fpecics  muft  be  referred  burning 
mirrors,  and  every  concave  mirror  may  be  employed 
to  burn.  This  remarkable  property  merits  a  more 
particular  explanation.   * 

Let  ABC  Cplate  XL  Jig.  4.)  be  a  concave  mirror, 
whofe  centre  is  G,  and  inftead  of  the  objed,  let  the 
fan  be  at  E ;  his  reflected  rays  will  reprefent  the 
image  of  the  fun  at  D,  the  middle  point  between  C 
and  G.  Now,  the  magnitude  of  this  image  will  be 
determined  by  the  extreme  rays  S  C,  S  C.  This 
inuge  of  the  fun  will  be,  accordingly,  very  final],  and 
as  all  the  rays  of  the  fun  which  fall  on  the  mirror 
A  C  B  are  reflected  in  this  ima<re,  xhcsr  will  be  col- 
lecled  there,  and  Mill  have  fo  much  more  force,  as 

the 
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the  image  D  is  fmaller  than  the  furface  of  the  mir- 
ror. But  the  rays  of  the  fun  are  endowed  with  the 
property  of  heating  the  bodies  on  which  they  fall,  as 
txrell  as  that  of  illuminating  them  ;  hence  it  foUow's^ 
that  there  muft  be  at  D  a  great  degree  of  heat ;  and 
liirhen  the  mirror  is  fuffidently  large,  this  heat  may 
become  ftronger  than  the  moft  ardent  fire.  In  feci, 
by  means  of  fiich  a  mirror,  you  may  burn  in  an  in- 
fiant  any  combufHble  body,  and  even  melt  metals  of 
every  kind.  It  is  the  image  of  the  fun  alone  which 
produces  thefe  furpriiing  effeds.  This  image  is  ufu- 
ally  denominated  the  focus  of  the  mirror ;  it  fells  al* 
ways  in  the  middle  point  of  the  radius  C  G ;  between 
the  mirror  and  it's  centre  G. 

You  muft  carefully  diftinguifli  burning  mirrors 
firom  burning  glafies,  of  which  I  (hall  ^ve  fome  ac* 
count  in  my  next  letter* 


LETTER    XXXIX. 

Of  Dioptrics. 

HAVING  explained  the  principal  phenomena  of 
catoptrics,  which  refult  from  the  refleftion  of 
the  rays  of  light  j  I  proceed  to  treat  of  dioptrics^ 
whofe  obje&  is  to  unfold  the  phenomena  of  the  re- 
fraAion  of  rays,  which  takes  place  when  they  pafs 
throu^  di&rent  tranfparent  mediums.  A  ray  oC 
fight  doea  aot  puvfue  the  feme  ftraight  line  unlefs  it 

continues- 
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continues  it's  progrefs  through  the  fame  medium^ 
As  foon  as  it  enters  another  tranfparent  medium,  it 
changes  it's  direftion  more  or  lefs,  according  as  it 
falls  upon  it  more  or  lefs  obliquely.  There  is  only 
one  cafe  in  which  it  purfues  a  reftilinear  courfe^ 
namely,  when  it  enters  the  other  medium  perpendi- 
cularly. 

The  inftruments  principally  to  be  confidered  in  di- 
optrics are  the  glaffes  employed  in  the  confixu£tion 
of  tdefcopes  and  microfcopes.  Thefe  glafles  are  of  a 
circular  form,  but  with  two  faces.  Every  thing  re- 
lating to  them  is  reducible  to  the  figure  of  thefe  two 
faces,  which  may  be  plain,  or  convex,  or  concave. 
Their  convexity,  or  concavity,  is  always  equal  to 
that  of  a  fphere,  of  which  the  radius  muft  be  known, 
it  being  confidered  as  the  meafure  of  the  curve  of 
thofe  furfaces.  This  being  laid  down,  we  Ihall  have 
feveral  kinds  of  dioptric  glaffes. 

The  firft  fpecies.  No.  I.  (plate  11.  Jig.  5.)  is  that 
whofe  two  faces  are  plain.  By  cutting  a  circular  piece 
out  of  a  plate  of  glafs,  of  equal  thicknefs,  we  fliaU 
have  one  of  this  fpecies,  which  makes  no  change  on 
objeds  cither  as  to  magnitude  or  diftance.  Glafs 
No.  II.  has  one  of  its  furfaces  plain,  and  the  other 
convex;  and  fuch  are  termed  plano-convex.  The 
third  fpecies.  No.  III.  has  one  face  plain,  and  the 
other  concave,  and  thefe  are  called  planoconcave.  The 
fourth.  No.  IV.  has  two  convex  furfaces,  and  is  called 
f/mM^-CQwoex.    No.  V.  has  two  concave  furfaces,  and 

called  double<oncave.  The  fpecies  Nos.  VI.  and  VII. 
aave  one  fur&ce  convex  and  the  other  concave ;  and 

we 
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%ve*  ^ve  them  the  name  of  mcnifcus.  All  thefe  lenfes 
are  reducible  to  two  claffes ;  the  one  containing 
thofe  in  which  convexity  prevails,  as  Nos.  11.  IV. 
VI.  J  in  the  other,  concavity  is  predominant,  namely, 
Kos.  in.  V.  Vn.  The  former  clafs  is  fimply  deno- 
minated convex,  and  the  latter  concave.  Thefe  two 
clafles  are  diftinguifhed  by  the  following  property. 

Let  A  B  (plate  11.  fg.  6.)  be  a  convex  glafs,  ex* 
pofed  to  a  very  diftant  object,  E  F,  whofe  rays  G  A, 
G  C,  G  B,  fall  on  the  glafs,  and,  paffing  through  it, 
undergo  a  refraction,  which  will  take  place  in  fuch  a 
manner,  that  the  rays  proceeding  from  the  point  G 
ihall  meet  on  the  other  fide  of  the  glafs  in  the  point 
g.  The  fame  thing  will  happen  to  the  rays  which 
proceed  from  every  point  of  the  objecl.  By  this 
alteration  aU  the  refracted  rays  ^  /,  B  777,  C  «,  will 
purfue  the  fame  direction  as  if  the  object  were  at 
^,  ^,  yi  and  inverted ;  and  it  will  appear  as  many 
times  fmaller  as  the  diftr:.ncc  C  g  fhall  be  contained 
in  the  diftance  C  G.  We  fay,  then,  that  fuch  a  glafs 
reprefents  the  object  E  F  behind  it  at  e  /,  and  this 
rcprefentation  is  called  the  hiiage,  which  is  confe- 
quently  inverted,  and  is,  with  the  object  itfelf,  in  the 
ratio  of  the  diftances  of  the  glafs  from  the  image, 
and  of  the  glafs  from  the  object. 

It  is  dear,  then,  that  if  the  fun  were  the  objeft, 
the  image  reprefented  at  e  /would  be  that  of  tlie 
fim ;  though  very  fmall,  it  will  be  fo  brilliant,  as  to 
dazzle  the  eye,  for  all  the  rays  which  pafs  through 
the  glafs  meet  in  this  image,  and  there  exercife  their 
double  power  of  giving  light  and  heat.    The  heat 

there 
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there  is  nearly  as  many  times  greater,  as  the  furfac^ 
of  the  glafs  exceeds  in  magnitude  the  image  of  the 
fim,  named  it*s  focus,  from  which,  if  the  glafs  be 
very  great,  you  may  produce  the  grcateft  effeds  of 
heat.  Combuftible  fubfiances,  placed  in  the  focus  of 
fiich  a  glafs,  are  inftantly  confumed.  Metals  are 
melted,  and  even  vitrified  by  it ;  and  other  efie&s 
are  produced  far  beyond  the  reach  of  the  moft  adive 
and  intenfe  fire. 

The  reafon  is  the  fame  as  in  the  cafe  of  burning 
mirrors.  In  both  the  rays  of  the  fun,  difitifed  over 
the  whole  furface  of  the  mirror,  or  glafs,  are  coUe^l^ 
ed  in  the  fmall  fpace  of  the  fun's  image.  The  only 
diflFerence  is,  that  in  mirrors  the  rays  are  coUe<fted 
by  refleftion,  and  in  glaffes  by  refraftion.  Such  is 
the  efFeft  of  convex  glafles,  which  are  thicker  in  the 
middle  than  at  the  extremities,  and  which  I  have  rc- 
prefented  in  Nos.  II.  IV.  and  VI.  Thofe  reprefented 
in  Nos.  in.  V.  and  VII.  are  thicker  at  the  extremities 
than  at  the  middle,  and  being  all  comprehended  under 
the  term  concave,  produce  a  contrary  effect. 

Let  A  C  B  (plate  ll^Jig.  7.)  be  a  glafs  of  this  form. 
If  you  expofe  to  it,  at  a  great  diflance,  the  object 
E  G  F,  the  rays  G  A,  G  C,  G  B,  proceeding  from 
tlie  point  G,  will  undergo  a  refraction,  on  leaving 
the  glafs,  in  the  direftion  of  A  /,  C  ;;/,  and  B  /2,  as  if 
they  had  ifTued  from  the  point  g ;  and  an  eye  ^aced 
behind  the  glafs,  at ;?/,  for  example,  will  fee  the  ob- 
ject juft  as  if  it  were  placed  at  e  gf^  and  in  a  fituation 
limilar  to  that  in  which  it  is  at  the  point  G,  but  as 
many  times  Imaller  as  th^  diflance  C  G  exceeds  the 

dij[^ance 
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diftance  G*  g.  Convex  glafles^  then,  repi*efent  the 
image  of  a  very  diftant  objeft  behind  them ;  concave* 
^bifles  reprefent  it  before  them ;  the  former  reprc- 
ient  it  inverted,  and  the  latter  in  it's  real  fituation. 
In  both)  the  image  is  as  many  times  fmaller  as  the* 
diftance  of  the  objed  from  the  glals  exceeds  that  of 
the  ^afs  from  the  image.  On  this  property  of  glafles 
is  founded  the  conftruftion  of  tdefcopes,  fpedacles, 
and  microfcopes. 

-   iitb  Augu/i^  1760* 


LETTER  XL. 
Conttnitaiion.    Of  burning  Glqffes  and  their  Focus. 

ft 

/CONVEX  glafles  furnifli  fome  farther  remarks, 
^^  which  I  beg  leave  to  lay  before  you.  I  fpeak 
here  of  thofe  glafles  in  general  which  are  thicker  in 
the  middle  than  at  the  extremities ;  whether  both 
furfaces  be  convex,  or  one  plane  and  the  other  con^* 
vex ;  or,  finally,  one  concave  and  the  other  convex, 
provided,  however,  that  the  convexity  exceed  the 
poncavity,  or  that  the  thicknefs  be  greater  at  the 
middle  than  at  the  extremities.  It  is  farther  fup- 
i>ofed  that  the  glafles  have  a  fpherical  figure. 

They  have  firft  this  property,  that  being  expofed 
to  the  fun,  they  prefent  behind  them  a  focus,  which 
is  the  image  of  that  luminary,  and  which  is  endow«» 
cd,  like  it,  with  the  property  of  illuminating  and 
Imming.  The  rcafbn  is  that  all  the  rays  iffuingfrom 
:  Vol.  I.  M  tht 


the  fun,  and  i^ng  on  this  furfisux,  are  coUeded  by 
the  refraction  of  the  glais  into  a  fingle  point.  The 
iame  thing  happens  whatever  be  the  objeft  expofed 
to  fuch  a  glafs ;  it  always  prefents  the  image  of  it, 
nirhich,  you  fee  iofbead  of  the  object  itfelf.  The  fol<« 
lowing  figure  wiD  render  what  I  have  iaid  more  in« 
telligible. 

Let  A  B  C  D  (plate  II.  fg.  8.)  be  a  convex  ^bfs, 
before  which  is  placed  an  objeft  E  G  F,  of  which  it 
will  be  fufficient  to  confider  the  three  points  E,  G,  F. 
The  rays  which,  from  the  point  E,  fall  upon  the  glafs, 
kre  contained  in  the  fpace  A  E  B ;  and  are  all  col- 
lefted  in  the  fpace  A  ^  B  by  refraction,  fo  as  to  meet 
in  the  point  e.  In  the  fame  manner  the  rays  from 
the  point  G,  which  fUl  on  the  glafs^  and  which. fill 
the  fpace  A  G  B,  are  comprehended,  by  means  of  re- 
fraction, in  the  fpace  A  ^  B,  and  meet  in  the  point; 
g.  Finally,  the  rays  from  the  point  F,  which  fall  on 
the  ^afi  in  the  angle  A  F  B,  are  rcfraded  fo  as  to 
meet  in  the  point/.  Thus  we  fhall  have  the  image 
*^/in  an  inverted  pofition  behind  the  glafa ;  and  an 
ey^  placed  at  O,  behind  the  image,  will  be  affeftcd  ia 
the  fame  manner  as  if  the  object  were  at  e  gf,  in^ 
vcftcd,  and  a9  many  times  fmaller  as  the  diftancc  D  g 
Is  fmaller  than  the  diftance  C  G. 

In  order  to  determine  the  place  of  the  image  e  gf^ 
Aire  muft  attend  as  well  to  the  form  of  the  glafe  as  to 
the  diftance  of  the  ofcgeft.  As  to  the  firft,  it  may  be 
nimarked,  that  the  more  convex  the  glafs  is,  in  othcar 
arordSj  the  more  that  the  thidaiefs  of  the  middle 
Q  D  exceeds  that  of  the  extremities,  the  nearer  the 
*-^  >    image 
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itnagd  will  be  to  it's  furface.  With  regard  to  the 
diftance^  if  you  bring  the  object  E  F  nearer  to  the 
g^^  it's  image  ef  retires  from  it,  and  reciprocally. 
The  image  cannot  be  nearer  to  the  glais  than  when 
the  objeft  is  at  a  very  great  diftancc  from  it ;  it  is 
then  at  the  fame  diftance  as  that  of  the  fun  would 
be,  which  is  denominated  the  focus  of  the  lens. 
When  the  objeft,  then,  is  very  diftant,  the  image 
faOs  in  the  very  focus,  and  the  nearer  you  bring  the 
t)bjc&  to  the  glafs  the  farther  the  image  retires  from 
it,  and  that  in  conformity  to  a  law  in  dic^trics,  by 
inteans  of  which  you  can  always  determine  the  place 
.dP  the  image;^  for  every  diftance  of  the  objeft,  pro*^ 
vided  you  know  the  focus  of  the  glafe,  that  is,  the 
diftance  at  which  it  coUeds  the  rays  of  the  fun,  in  a 
fpace  diffidently  jQnall  to  let  on  fire  a  body  expofed 
toit^ 

,  The  point  where  the  rays  meet  is,  as  has  been-faid, 
Ihe  {dace  of  the.  image.  Now,  this  point  is  eafily 
^foond  by  experience.  The  difierent  denominations 
of  £^^kfies  are  derived  from  it,  as  when  we  fay,  fuch 
\  ^aik  has  it's  focus  at  the  diHance  of  an  inch,  ano« 
ther  at  the  diftance  of  a  foot,  another  at  the  diftance 
4if  teirfiset,  and  fo  on ;  or,  more  concifely,  a  glafs  of 
an  inch,  a  foot,  or  ten  feet  focus.  Long  telefcopes 
'te^it^  glaiTes  of  a  very  diftant  focus,  and  it  is  ex- 
tremely difficuk  to  make  them  eixad.  I  once  paid 
150  crowns  for  one  lens,  which  I  fent  to  the  academy 
<tf  Peterfbnrg ;  it  has  it^s  focus  at  the  diftance  of 
6cto'  feet :'  I  am  convinced  it  was  of  no  great  value  j 
out  they  would  have  jit  on  account  of  it's  rarity. 

Ma  T» 
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To  be  fatisfied  that  the  reprefentation  of  the  imagtt 
c  gfj  in  the  preceding  figure,  is  real,  you  have  only 
to  hold  at  that  place  a  piece  of  white  paper,  the  par- 
ticles of  which  are  fufceptible  of  the  different  \and» 
of  vibrations  on  which  colours  depend*  Then  all 
the  rays  from  the  point  E  of  the  objed,  on  meeting 
at  the  point  e,  will  put  the  particles  of  the  paper  into 
a  movement  of  vibration  fimilar  to  that  which  the 
point  E  has,  and  confequently  you  will  fee  the  point 
t  of  the  fame  colour  as  the  point  £•  In  like  manner 
the  points  g  and  /will  have  the  fame  colours  as  the. 
points  G  and  F  of  the  objeft }  and  you  will  likewife 
fee  on  the  paper  all  the  points  of  the  objed  expreffed 
in  their  natural  colours ;  which  will  reprefent  the 
moil  exad  and  the  moft  beautiful  pidure  of  the  ob^ 
ject.  This  will  fucceed  perfe£lly  well  in  a  dark  room 
by  applpng  a  convex  lens  to  a  hole  made  in  the  {but- 
ter. You  will  then  fee  on  a  flieet  of  white  paper, 
placed  oppofite  to  the  aperture  in  the  Ihutter,  all 
the  external  objefts  fo  exadly  painted,  that  you  may 
trace  them  with  a  pencil.  Pointers  make  ufe  of  fuch 
a  machine  for  defigning  landfcapes  and  other  views.* 

^  llie  hypothefis  of  light,  contained  in  tbe  preceding  letters, 
was  firft  propofed  in  the  middle  of  lafl  century  by  the  ingenious 
Mr.  Uuggens;  but  afiter  the  brilliant  difcoyeries  of  Sir  Ifaac  New* 
Ion,  it  fell  into  oblivion,  where  it  ought  ever  to  have  remained. 
"What  induced  Mr.  Euler  to  revive  it,  it  is  difficult  to  conceive. 
This  hypothefis  is  not  likely  to  have  many  abettors  in  the  pK&nt 
>ge.  As  it  appeals  wholly  to  the  ima^nation,  it  requires  not 
any  formal  refutation.  I  fhall  mention  a  fingle  objection,  which 
feems  to  be  conduiive :  If  ether  were  the  vehicle  of  hght,  as  ai^ 
and  water  are  of  found,  the  ear  would  likewife  bc^  in  fome  degree^ 
•p  organ  of  yifioa* 
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LETTER  XLI. 

OfVi/i&ny  and  the  Struilure  of  the  Eye. 

I  AM  now  enabled  to  explain  the  phenomena  of  vir 
viflon,  which  is  undoubtedly  one  of  the  greateft> 
operations  of  nature  that  the  human  mind  can  con« 
template*  Though  we  are  very  far  fliort  of  a  perfeft  - 
knowkdgc  of  the  fubjecl,  the  litde  we  do  know  of 
it  is  more  than  fuffident  to  convince  us  of  the  power 
and  wifdom  of  the  Creator.  We  difcover  in  the 
ihrudure  of  the  eye  perfedlons  which  the  moft  ex« 
alted  genius  could  never  have  imagined* 
.  I  fliall  not  detain  you  at  prefent  with  an  anatoini'« 
cal  defcription  of  the  eye.  It  is  fufficient  to  remark^ 
that  the  exterior  membrane  a  Ab  (plate ILfg.  9.) 
]»  tranijparent,  and  is  called  the  cornea  of  the  eye  ;. 
behind  this,  on  the  iniide,  is  another  membrane  a  m^ 
b  my  circular  and  coloured,  which  we  call  the  />/V,  in 
the  middle  of  which  is  an  aperture  m  m^  called  the 
fupily  which  appear^  to  us  to  be  black.  We  find  be-« 
hind  this  aperture,  the  cryfialltne  humour  6  B  C  /7^ 
whifh  is  a  body  fomewhat  like  in  form  to  a  finall 
\)urning  ^bds ;  it  it  perfe^dy  tranfparent,  and  of  a 
membranous  fubfiance.  Behind  the  cryfialline  hu« 
mour  the  cavity  of  the  eye  is  filled  with  a  tranfpa> 
rent  jelly,  called  the  vitreous  humour.  .  The  anterior 
(pace  between  the  horny  tunide  a, A  ^,  and  the  cry& 
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can  enter  into  the  eye,  to  form  on  the  retina  the 
image  which  appears  painted  there ;  thus,  the  more 
the  pupil  is  opened,  the  more  brilliant  this  image 
will  be. 

On  carefully  examining  the  human  eye,  we  obt^ 
fcrve,  that  the  aperture  of  tlie  pupil  is  fometimes 
greater  and  fometimes  fmallen  It  is  generally  re- 
marked, that  the  pupil  is  contraded  when  expofed 
to  a  very  ftrong  light  j  and,  on  the  contrary,  very 
much  dilated  where  the  light  is  faint.  This  varia- 
tion  is  abfolutely  neceflary  to  the  perfection  of  viiion« 
When  we  are  in  a  very  ftrong  light,  the  rays  being 
more  powerful,^  fewer  of  them  are  wanted  to  agitate 
die  nerves  of  the  retina ;  the  pupil,  accordingly,  is 
then  more  contraded.  Were  it  more  dilated,  an4 
confequently  admitted  more  rays,  their  force  would 
agitate  the  nerves  too  violently,  and  occaiion  pain. 
It  is  for  this  reafon  we  are  unable"  to  look  upon  the 
fun  without  being  dazzled,  and  without  feniible  pain 
in  tlie  bottom  of  the  eye. 

Wore  it  poflible  for  us  to  contract  the  pupil  ftiU 
moref  fo  as  to  admit  only  a  very  (mall  quantity  of 
rays,  wt  ihould  not  be  very  greatly  incommoded  by 
it  i  but  the  contraction  of  the  pupil  is  not  in  our 
own  power.  Eagles  poflels  this  advantage,  and  are 
able  to  look  directiy  at  the  fim ;  it  is  accordin^y  re« 
marked*  that  their  pupil  is  then  fo  much  contraded, 
M,|o  iqipcair  reduced  to  a  point.  A  dear  light,  re^ 
piriDg  a  very  (mall  dilatation  of  the  pupil,  in  {nto- 

Ktkm  as  the  li^t  dccreafes,  the  pupil  dilates,  and 
fi  the  .dark  is  ib  enlarged^  as  almdl  to  oompy  the 

whole 
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whole  of  the  iris.  If  it  remained  in  the  fame  ftate 
of  contraftion  as  in  the  light,  the  rays  which  enter 
into  it  would  be  too  weak  to  agitate  the  ner\xs  as 
qiuch  as  is  neceflary.  to  perception ;  the  rays  muft, 
therefore,  be  then  admitted  in  greater  abundance,  in 
Drder  to  produce  a  fenfible  efFeft. 

Were  it  in  our  power  to  open  the  pupil  ftiU  more, 
we  fliould  be  able  to  fee  in  a  greater  degree  of  dark- 
Tiefi,  To  this  purpofe  we  are  told  of  a  perfon,  who, 
having  received  a  blow  on  his  eye,  the  pupil  was  fo 
dilated  by  it,  that  he  could  read,  and  diftingirifli  the 
minuteft  objefts  in  the  dark.  Cats  and  feveral  other 
animals  which  roam  in  the  dark,  have  the  faculty  of 
enlarging  the  pupil  much  more  than  the  human  (pe- 
des ;  and  owls  have  theirs  at  all  times  too  much  di- 
lated to  bear  even  a  moderate  degree  of  light. 
,  Now,  when  the  pupil  of  the  human  eye  dilates  or 
contra  As,  it  is  not  by  an  adt  of  the  will ;  man 'not 
having  the  power  of  dilating  or  contrafting  the  pu- 
pil at  pleafure.  As  foon  as  he  enters  into  a  lumi- 
nous fituation,  it  fpontaneoufly  contrafts  and  dilates 
on  his  return  to  darknefs. '  But  this  change  is  not 
produced  in  an  inftant ;  it  requires  a  little  time  for 
this  organ  to  accommodate  itfelf  to  circumftances. 

You  muft,  no  doubt,  have  remarked,  that  as  often 
as  you  make  a  very  fudden  tranfition  from  a  clear 
light  to  a  dark  place,  as  in  the  theatre  of  Schuck^  you 
jcould  not  at  firft  diftinguifli  the  company.  The  pu- 
pil was  ilill  too  narrow  to  permit  the  few  feeble  rays 
.which  it  admitted  to  make  a  fenfible  impreflion ;  but 
it  gradually  dilate4  to  receive  a  fufficiency  of  rays^ 

The 
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The  contrary  happens,  when  you  pafs  fuddenly /rom 
darknefs  to  a  clear  Eght.  The  pupil  being  then  very 
much  expanded,  the  retina  is  ftruck  in  a  lively  man- 
ner, you  are  quite  dazzled,  and  under  the  neccflity 
of  fhutting  your  eyes. 

It  is  then  a  very  remarkable  drcumftance  that  the 
pupil  Ibould  dilate  and  contrad  according  as  \dfion 
requires,  and  that  this  change  fhould  take  place  al- 
moft  fpontaneoufly  and  independently  of  any  aci:  of 
the  will.  Philofophers  who  examine  the  ftruchire 
and  the  functions  of  the  hunian  body,  are  greatly 
divided  in  opinion  as  to  this  fubjed,  and  there  is 
litde  appearance  that  we  ihall  ever  have  a  fatisfying 
folution  of  this  wonderful  phenomenon.  The  vari^- 
ability  of  the  pupil  is,  however,  an  objeft  eflentially 
neccfliuy  to  vilion*;  and  without  which  it  would  be 
very  imperfeft.  But  various  other  particulars  are 
difcoverablc,  equally  entitled  to  admiration. 

17M  Augufty  1760. 
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Farther  Continuation.  Aftonijhing  Difference  between 
the  Eye  of  an  Animal^  and  the  artijical  Eye^  or  ca- 
mera obfcura. 

^HE  i«ndplc  on  which  the  ftruclure  of  the  eye 

is  founded,  is,  in  general,  the  fame  as  that  ac- 

ing  to  which  1  explained  the  reprefentation  of 

ib  on  while  paper  by  means  of  a  convex  lens. 

Both 
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Both  of  them  muft  be  refdlved  into  this,  that  all  tlic 
rays,  proceeding  from  one  point  of  the  object,  arc 
again  coUedted  in  a  fingle  point  by  refradtion ;  and  it 
feems  of  little  importance  whether  this  refraclion  is 
performed  by  a  fingle  lens,  or  by  the  feveral  tranipa^* 
rent  fubftances  of  which  the  eye  is  compofed.  It 
might  even  be  inferred  from  thence,  that  a  ftnidhire 
more  fimple  than  that  of  the  eye,  by  employing 
one  fin^e  tranfparent  fubftance,  would  have  been 
produ6tive  of  the  fame  advantages  j  which  wotdd 
amount  to  a  very  powerful  objeftion  againft  the  wit 
dom  of  the  Creator,  who  has  affuredly  purfued  the 
limplefl:  road  in  the  formation  of  all  his  works. 

Perfons  have  not  been  wanting  who,  from  not 
having  attentively  examined  the  advantages  refult- 
ing  from  the  apparent  complication,  prefumed  to 
Cenfure  this  beautiful  produftion  of  the  Supreme 
Being  with  a  levity  worthy  of  cenfure.  They  have 
pretended  it  was  in  their  power  to  produce  a  plan 
more  fimple  for  the  ftrufture  of  the  eye,  becaufe  they 
were  ignorant  of  all  the  funftions  which  that  organ 
had  to  difcharge.  I  fliall  examine  this  plan  of  theirs ; 
and  I  hope  to  convince  you,  that  it  would  be  highly 
defective,  and  altogether  unworthy  of  being  put  in 
competition  with  that  which  aftually  exifts. 

Such  an  eye,  therefore,  would  be  reduced  to  a. 
fimple  convex  lens,  A  B  C  D,  (Opiate  II.  /g.  i  o.) 
which  coUefts,  in  a  point,  all  the  rays  x:oming  from 
one  and  the  fiime  correfponding  point  in  the  objeft. 
But  this  is  only  near  to  the  trutli.  The  fpherical 
form,  given  to  the  furfaces  of  a  lens^  is  liable  to  this 

inconvenience. 
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ther,  they  tindergo  a  different  refraftion ;  that  r^y» 
of  a  red  colour  undergo  the  leaft  refraction,  and  vio- 
let-coloured rays  the  greateft.  Hence,  if  the  point 
O  were  red,  and  if  it's  rays,  in  paffing  through  the 
lens  A  B,  were  collected  at  the  point  R,  this  would 
be  the  place  of  the  red  image.  But  if  the  point  O 
were  violet,  the  rays  would  be  collefted  nearer  to 
the  lens,  at  V,  Again,  as  white  is  an  affemblage  of 
all  the  fimple  colours,  a  white  object,  placed  at  O,, 
woi^d  form  feveral  images  at  once,  fituated  at  dif- 
ferent diftances  from  the  point  O;  the  refult  of 
which  Would  be,  on  the  retina,  a  coloured  fpot  that 
would  greatly  difturb  the  reprefentation. 
.  :  It  is  accordingly  obfervable,  that  when  in  a  dark 
room  the  external  objects  are  reprefented  on  white 
paper,  they  appiear  bordered  with  the  colours  of  the 
Tsunbow,  and  it  is  impojflible  to  remedy  this  defeft 
by  employing  only  one  tranfparent  body.  But  it  has 
been  remarked,  that  this  may  be  done  by  means  of 
diflferent  tranfparent  fubftances ;  but  neither  theory 
nor  praftice  have  hitherto  been  carried  to  the  degree 
a>f  perfection  neceflary  to  the  execution  of  a  ftrufture 
which  ihould  remedy  all  thefe  defeats.*     The  human 

*  A  fimilar  defeA  has  been  remarked  in  the  comnK)n  telefcope. 
Oljefts  do  not  appear  in  it  very  dearly.  You  fee,  beddes,  at  the 
orcuxnference'of  the  field  which  it  encompafles,  a  mixture  of  co- 
louT9»  which  is  called  irism  To  remedy  this  inconveniency,  achro* 
matic  telefcopes  have  been  conitruAed,  whofe  objeft-glafs,  being 
compofed  of  more  than  one  lens  of  different  denfities,  and  which 
of  confequence  refrad  the  rays  differently,  produce  an  effcA  aaft- 
4ogou9  to  that  of  the  tranfparent  fubftances  of  the  eye,  of  which 
OUT  Author  has  been  treating.-*-F.  E. 

-r.  ■  ■■     - 
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cyCy  howerer,  labours  under  none  of  the  impelfec^ 
tions  which  I  have  mentioned,  nor  np^any  others  to 
which  the  hypothetical  eye  we  have  been  analyzing 
would  be  liable.  What  a  fublime  idea  muft  we  form 
t£  ELim  who  has  fiimiihed  not  only  the  whole  human 
fyedcsy  but  every  animal,  nay  even  the  vsleft  iiiieSst 
with  an  organ  of  fuch  curious  conftruAioii  !* 

ft 

*  The  objeft  of  the  Tranflator  being  not  only  to  difplay  Euler*s 
philofopby,  but  likewife  to  exhibit  the  man  as  deOgned  by  lii^ 
own  pencil,  he  takes  the  liberty  of  prefenting  the  Engiiih  Rcadec 
with  the  concluiion  of  this  letter,  in  the  Author's  owtt-maniMlr  «a4 
words,  tranfcribed  from  the  original  edition  of  this  work^  Tbongb 
a  French  philofopher  and  ftatefman  may  feel  aihamed  of  the  al« 
Ihnct  of  fciencc  to  religion,  and  endeavour  to  keep  it  out  of  fight^ 
it  would  furely  ill  become  us  to  follow  the  example^  Let  the 
Author  exprefs  his  own  fentiments  in  his  own  way^     «  ' 

*^  But  the  eye  which  the  Creator  has  formed  is  fubjeft  to  00 
**  one  of  all  the  imperfedlions  under  which  the  imaginary  con« 
«•  ilrudtion  of  the  freethinker  labours.     In  this  we  discover  the 
«•  true  reafon  why  infinite  wifdom  has  employed  feveral  tranfpa* 
*•  rent  fubftances  in  the  formation  of  the  eye :  it  is  thereby  fe- 
**  cured  againft  all  the  defe(3:s  which  charadlerife  6vcry  work  of 
*^  man.     What  a  noble  fubje(^  of  contemplation  I  How  pertinent 
*'  that  queftion  of  the  Pfalmiftl    ife  tc/io  formed  the  eye^Jhall  hewit 
^^Jce?  and  He  kdHo  planted  the  ear^  Jhall  lie  not  hear?  The  eye  alon# 
V  being  a  mafter-piece  that  far  tranfcends  the  human  undeHdand^^ 
*'  ing,  what  an  exalted  idea  mull  we  form  of  Him,  who  has  be- 
*'  Ho  wed  this  wonderful  gift,  and  that  in  the  highell  perfe^on, 
*'  not  on  man  only,  but  on  the  brute  creation,  nay,  on  the  vilcft 
*«  of  infers  I"— £:.^. 
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PirfeSions  dif cover  able  in  the  Struilure  of  the  Eye^ 

THE  eye,  then,  infinitely  furpaffes  every  piece  of 
xnechamiin  which  human  ikill  is  capable  of  pro« 
dudng.  The  different  tranfparent  fubftances  of  which 
it  is  coxnpoied,  have  not  only  a  degree  of  denfity  ca^i 
paUe  of  caufing  different  re£ra£iions,  but  their  figure 
k  likewiie  determined  in  fuch  a  manner  that  all  the 
rays  proceeding  from  one  point  of  the  obje£i:  are  ex** 
iSif  ccdleded  in  one  and  the  fame  point,  whether 
that  Qhje<Eb  be  more  or  lefs  diftant,  whether  it  be  fitu« 
tted  dire£tty  or  obliquely  with  refpeft  to  the  eye,  and 
though  it's  rays  undergo  different  rcfradlions. 

Were  the  leaii:  change  to  be  made  in  the  nature 
ind  figure  of  thefe  fubftances,  the  eye  would  lofe 
tU  the  advantages  which  we  have  been  admiring. 
The  fircngth  of  our  fight  is  exadly  proportioned  to 
the  extent  of  our  neceifities ;  and  far  from  complain- 
^g  that  objeifb  too  remote  efcape  this  organ,  we 
ought,  on  the  contrary,  to  confider  it  as  one  of  the 
ihoft  precious  gifts  of  the  Supreme  Being.* . 
!    .  .  .  .  It 

"•  Mr.iEtt/cr*5  idea  is  ingenious,  that  the  three  pellucid  fub- 
ftaii<^s  6f  which  the  eye  is  compofed  ferve  to  corre(5l  the  unequal 
Jtefrangibility  of  th^  rays  of  light,  and  produce  a  perfeft  pidure  on 
thii  retina.  Unifottunately  this  perfeftion  is  merely  ideal,  nor  is 
Ae  eye  an  achroitiatic  inftrument.  A  very  fimple  experiment  will 
cviflCe  <hc  truth  of  this  remark.  Make  two  parallel  black  flroke* 
Adjacent  to  each  other,  on  a  bit  of  paper;  ihut  die  one  eye,  and 
1'-    .  -  ^014 
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It  muft  be  farther  remarked,  that  in  order  to  led 
objects  diftincUy,  it  is  not  fufficient  that  the  ray$ 
which  come  from  one  point  fliould  be  coUeded  in 
another, .  It  is  likewife  neceflary,  that  the  point  of' 
re-nriion  fliould  fall  precifely  on  the  retina ;  if  it  fell 
either  Ihort  of,  or  beyond  it,  vifion  would  becomd 
confufed*  Now,  if  for  a  certain  diftance  of  objefb, 
this  point  of  union  fall  upon  the  retina,  thofe  of 
Uiore  diftant  objects  would  fall  in  the  eye  Ihort  of 
the  retina ;  and  thofe  of  nearer  objeds  woidd  fall 
beyond  the  eye.  In  either  cafe  there  would  be  a 
confufion  in  the  image  painted  on  the  retina. 

The  eyes  of  every  man,  therefore,  are  conftru&ed 
for  a  certain  diftance.  Some  perfons  fee  diftindUy 
Only  fuch  objefts  as  are  very  near  to  their  eyes ;  we 
call  them  MyopSy  that  is,  (hort-fighted.  Others,  on 
the  contrary,  named  Pre/bytes^  fee  diftinftly  objefts 
only  which  are  very  diftant.  And  thofe  who  fee 
diftinctly  objects  at  a  moderate  diftance,  are  faid  to 
have  good  eyes.  Both  the  other  two,  however,  have 
the  power  of  contracting  or  dilating  the  globe  of  the 
eye  to  a  certain  degree,  and  thereby  of  bringing 

hold  the  paper  about  half  a  foot  from  the  otlicr,  in  a  firong  llghti 
and  bring  it  gradually  nearer ;  at  a  certain  diftance  the  ftrokcs  will 
appear  fringed  with  rainbow-colours.  The  Roman  charafters 
111  oi  nil,  on  the  dial-plate  of  a  watch,  willaniwcr  ftill  bettqr. 
But  though  the  eye  is  not  conftrudled  with  mathematical  accuracy ». 
that  organ  is  adapted,  with  fufficient  nicet}-^,  for  all. the  ordinary 
puq^ofes  of  life.  They  miftake  extremely  the  views  of  nature, 
who  look  for  perfe(flion  in  her  works  :  ihe  is,  in  general,  fpariog 
in  her  favours,  and  rcferves  exquifito  fkill  for  e^ctraordinary  occar 
fions. — £,  i:\ 

nearer 
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nearer,  or  ctf  removing,  the  retina^  Which  enabled 
them,  likewifcj  to  fee  dearly,  0bje6is  a  little  more  or 
lefi  diftant ;  this,  undoubtedly,  greltly  contributes 
to  render  the  eye  more  perfed,  tod  it  cannot  furdy 
be  afcribed  to  chance  merdy. 

Thoie  who  have  good  eyes,  derive  moft  advan^i 
lage  from  their  firudure,  as  they  are  thus  in  a  con«- 
dition  to  fee  diftin^y,  objcds  very  diftant,  and  very 
near;  but  this  never  exceeds  a  certain  bound.  There 
3^  pa^haps,  no  one  who  can  fee  at  the  difiance  of  an 
incht  and,  confequently,  ftill  lefs  at  a  finaller  diftance. 
If  you  hold  a  writing  dofe  to  your  eyes,  you  will 
fee  the  charafters  but  very  confufedly.  This  is  all 
I  prefiune  to  offer,  on  a  fubjed  of  fuch  high  im« 
portance* 

tifi  Jug.  lj()6. 
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O/Ghrvity^  cdnfidered  as  a  general  Property  of  Body  i 

HAVING  now  treated  of  light,  I  proceed  to  thtf 
confideration  of  a  property  common  to  all 
bodies,  that  of  gravity.  We  find  that  all  bodies^ 
iblid  and  fluids  fall  downward,  when  they  are  not 
fupported.  I  hold  a  ftone  in  my  hand ;  if  I  let  it  go^ 
it  fsyUs  to  the  ground,  and  would  fall  ftUl  farther^ 
were  there  an  aperture  in  the  earth.  While  I  write^ 
toy  paper  woiild  fall  to  the  ground j  were  it  not  fup- 
portied  by  the  tsJ)ie«  The  fame  law  applies  to  every 
Vox»*L  N  body 
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txxly  vAth  which  we  are  acquaintecL  There  is  not 
one  that  would  not  fall  to  the  ground,  if  it  were. not 
fopported,  or  flopped  by  the  way. 

The  caufe  of  this  phenomenon,  or  of  this  pro- 
penfity  of  all  bodies,  is  denominated  gravity.  When 
it  is  fitid,  that  bodies  are  heavy,  or  pofiefs  gravity, 
-we  mean,  that  they  have  a  propenfity  to  fall  down- 
ward, and  a6hially  would  fall,  if  we  remove  what 
before  fupported  them. 

The  ancients  were  little  acqusdntcd  with  this  pro- 
perty. They  believed  that  there  were  bodies  which 
Ii2ki,  naturally,  l  tendency  to  rife,  fuch  as  fmoke  and 
♦vapours ;  and  fuch  bodies  they  termed  light,  to  dit 
tiBgHiih  theiti  from  thofe  which  have  a  tendency  to 
fall.  But  it  has  been  difcovered,  by  experiment,  thrt 
it  is  the  air  which  raifes  thefe  fubftances  aloft  j  for 
in  a  fpace  void  of  air,  it  is  well  known,  by  means 
of  the  air-pump,  that  fmoke  and  vapours  defcend  as 
well  as  ftone,  and  that  thefe  fubftances  are,  of  their 
own  nature,  heavy,  like  others.  When,  therefore, 
they  rife  into  the  air,  the  faitie  law  afts  upon  them 
which  acts  upon,  a  log  of  wood  plunged  into  the 
water.  Notwithftanding  it's  gravity,  it  fprings  up, 
as  foon  as  you  leave  it  to  itfelf,  and  fwims,  becaufe 
it  is  not  fo  heavy  as  water;  and,  in  virtue  of  a  ge- 
neral rule,  all  bodies  rife  in  a  fluid  of  more  gravity 

than  themfelves. 

f 

If  you  throw  a  piece  of  iron,  of  cqpper,  of  filver, 
and  even  of  lead,  into  a  veflel  full  of  quickfijver, 
"they  fwim  on  the  furface,  and  if  you  force  t)iem 
downi  they  pe-afcend  when  left  to  themfelves.  Crold 

'     ulone 
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alone  £nks,  becaofe  it  is  heavier  than  quiddilver. 
And,  fince  there  are  bodies  which  rife  in  water,  and 
in  other  fluids,  notwithfianding  their  gravity,  for 
Urn  reaibn  merely,  tHat  they  are' not  fo  heavy  as 
wat^,  pr  thofe  other  fluids ;  it  is  not  at  all  furpriz« 
ing,  that  certain  bodies,  lefs  weighty  than  air,  fuch 
as  finoke  and  vapours,  fliould  rife  in  it# 

I  have  already  remarked,  that  air  itfelf  poflefles 
gravity,  and  that  by  means  of  this  gravity,  it  fup- 
ports  the  mercury  in  the  barometer.  When,  there- 
krCy  it  is  affirmed,  that  all  bodies  are  heavy,  it  lis  tQ 
be  underftood,  that  all  bodies,  without  a  Angle  ex- 
ception, would  fall  downward  in  a  vacuum.  I  mi^t 
venture  to  add,  that  they  would  fall  with  an  equal 
degree  of  rapidity ;  for  a  feather  and  a  piece  of  gold 
defcend  with  equal  velocity  in  an  exhaufted  receiver. 

It  might  be  objeded  to  this  general  property  of 
body,  that  a  fliell,  difcharged  from  a  mortar,  does 
not  at  once  fall  to  the  ground,  like  a  ftone,  which  I 
kt  drop  from  my  hand,  but  mounts  into  the  air* 
ft  cannot,  however,  be  inferred,  that  the  Ihell  has 
no  gravity ;  for  it  is  evident,  that  the  flreijgth  of 
the  powder  hurls  the  bomb  aloft,  and  but  for  this, 
it  would,  without  doubt,  immediately  fsJl  to  the 
ground.  And  we  fee,  in  fad,  that  it  does  not  con« 
tinue  always  to  afcend,  but  as  foon  as  the  force, 
which  carries  it  upward,  is  exhaufted,  down  it  comes 
with  a  rapidity,  that  crufhes  every  thing  it  meets,  a 
fuffident  proof  of  it's  gravity. 

When,  therefore,  it  is  affirmed,  that  all  bpdie3  are 
heavy,  no  one  means  to  deny  that  they  may  be 

N  a  flopped, 
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flopped,  or  that  they  may  be  thrown  aloft ;  biit  thi* 
is  elFefted  by  an  external  power,  and  it  rem^s  in- 
dubitably certain,  that  all  bodies  whatever,  as  foon 
as  left  to  themfelves,  at  reft,  or  without  motion,  will 
affuredly  fall  when  no  longer  fupported.  There  is  a 
cellar  under  my  apartment,  but  the  floor  fupports 
me,  and  preferves  mc  from  falling  into  it.  Were 
the  floor  fuddenly  to  crumble  away,  and  the  arch  of 
the  cellar  to  tumble  in  at  the  fame  time,  I  muft  in- 
fallibly be  precipitated  into  it,  becaufe  my  body  is 
heavy,  like  all  other  bodies  with  which  we  are  ac- 
quainted. I  fay,  with  which  we  are  acquainted,  for 
there  may,  perhaps,  be  bodies  deftitute  of  weight ; 
fuch  as,  poflibly,  light  itfelf,  the  elementary  fire,  the 
elecbric  fluid,  or  that  of  the  magnet,* 

Except  thefe  bodies,  the  gravity  of  which  is  not 

«  I  mud  once  more  take  the  pious  Euler  out  of  the  hands  of 

the  quondam  Marquis,  and  let  him  fpeak  for  himfelf.     The  in- 

itance  which  the  Author  adduces,  of  bodies  that,  poffibly,  aredc- 

iiitutc  of  gravity,  is  one  taken  from  divine  Revelation,  that  of  the 

angels.    '*  Such,"  fays  he,  "  as  the  bodies  of  angels,  which  have 

**  formerly  appeared  to  men.    A  body,  like  this,  would  not  fall 

*'  downward^  though  the  floor  were  fuddenly  to  be  removed  from 

«>  nniler  it,  bnt'  would  move  as  firmly  through  the  air,  as  on  the 

'**    It  ia  amufing  to  obferve,  with  what  folic!  tude  the  Fa- 

■Otator  keeps  dear  of  every  thing  that  favours  of  religion • 

iKnfive,  that  a  fingle  drop  of  water  from  Scripture^ 

te  the  whole  mafs  of  philofophy.    His  terror  is« 

don,  that  of  Ma[cbeth. 

It  Neptune's  ocean  wafh  this  blood 
my  hand?  No ;  this  my  hand  will  rather 
idinoQB  fcas  incamadine, 
i^l^itcn  one  red*  Shakespjear. 

yet 
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yet  confiiined  by  experiment,  gravity  may  be  confi-. 
dered  as  a  general  property  of  all  the  bodies  which 
we  know,  in  virtue  of  which,  they  all  have  a  ten- 
dency to  fall  downward,  and  actually  do  fo,  when 
nothing  oppofes  their  defcent. 
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Continuation.    Offpectfic  Gravity. 

YOU  have  juft  feen,  that  gravity  is  a  general  pro- 
perty  of  all  the  bodies  with  which  we  are  ac- 
quainted, and  that  it  conlifts  in  the  efied  of  an  in- 
vincible force^  which  prefles  them  downward. 
.  Philofophers  have  warmly  difputed,  whether  there 
a&ually  exifts  a  power,  which  ads  in  an  inviiible 
manner  upon  bodies ;  or  whether  it  be  an  internal 
quality,  inherent  in  the  very  nature  of  the  bodies, 
and,  like  a  natural  inftincl,  conftraining  them  to  de- 
icend.  The  queftion  amounts  to  this :  If  the  caufe 
of  gravity  is  to  be  found  in  the  very  nature  of  every 
body ;  or  if  it  exifts  without  it,  fo  that  were  this 
extriniic  power  to  fail  in  it's  operation,  the  body 
would  ceafe  to  be  heavy  ?  Before  we  attempt  a  folu- 
tion  of  this,  it  will  be  neceflary  to  examine,  more 
carefully,  all  the  drcumftances  conneded  with  gra^ 
irity, 

I  remark,  firft,  that  when  you  fupport  a  body  to 
jvevent  it's  falling,  if  it  refts  on  a  table,  it's  prefiure 

N3  is 
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is  equal  to  the  force  with  whidi  It  would  tend  to 
hH  i  and  if  a  thread  is  affixed  to  it,  by  which  it 
may  be  fufpended,  the  thread  is  ftretched  by  that 
force ;  in  other  words,  by  the  gravity  of  thttt  body  ( 
fo  that  if  the  thread  were  not  o(  a  certain  ftrength^ 
it  would  break*  We  fee,  then,  that  ali  bodies  eser^ 
cife  a  degree  of  force  on  the  obftacles  which  fup* 
port  them,  and  prevent  their  falling,  and  that  this 
liAion  is  precifely  the  fame  as  that  which  would 
make  the  body  defcend,  if  it  were  at  liberty.  When 
a  {tone  is  laid  upon  a  table,  the  table  is  prefled  by  it. 
You  have  but  to  put  your  hand  between  the  llone 
luid  the  table,  to  be  fenfiUe  of  this  force,  whkh  taify 
be  increafed  to  fuch  a  degree  a$  even  to  crufhtfae 
hand.  This  force  is  called  the  gravity  of  the  faody^ 
and  it  Is  dear,  that  the  weight,  or  the  gravity,  of 
4tvery  body,  fignifies  the  fame  thing,  both  denoting 
ihe  force  with  which  that  body  is  prefled  dowiw 
ward,  whether  this  force  exifts  in  the  body  itfeif,  or 
cut  of  it. 

We  have  an  idea  too  clear  <rf  the  weight  of  bodks, 
to  make  it  neceff^^ry  to  dwell  longer  on  the  fubjefb 
I  only  remark,  that  when  two  bodies  are  joined  to* 
gether,  their  weight  too  i^  added,  fo  that  the  weight 
of  the  coinpound  is  equal  to  the  fum  of  the  wagh| 
of  the  partSt  From  this  we  fee,  that  the  weight  of 
bodies  may  be  very  different,  We  have  aifo  the  cer» 
tain  means  -of  €xaAly  meafiiring  and  qompsurifig 
them,  by  the  help  of  a  balance,  which  has  the  pro» 
perty  of  refting  in  equilibrium,  when  the  bodies, 
^ut  in  it's  two  fcale$|  arc  of  c^^  gravky*    ]|to  <n4elr 

to 
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to  iBvkc  this  coxnparifon,  we  agree  on  ibxxie  fize4 
meaA^rement,  of  a  certain  determinate  weight,  fudji 
as  a  pound,  and,  by  means  of  a  good  balance,  all 
boi^es  may  be  weighed,  and  their  gravity  afcer- 
taiaod^  according  to  the  number  of  pounds  which 
they  contain.  A  body  too  great  to  be  put  into  the 
fcale  of  a  balance  may  be  divided,  and  the  parts  be* 
ing  weighed  feparately,  you  have  only  to  add  the 
particulars.  The  weight  of  a  whole  houfe,  however 
^ge,  may  be  thus  afcertained. 

You  muft,  no  doubt,  have  frequently  remarked, 
that  a  finall  piece  of  gold  weighs  as  much  as.  a  piece 
of  wood  greatly  fuperior  in  fizc }  a  proof  that  tlv^ 
gravity  pf  bodies  is  not  always  regulated  by  their 
magnitude ;  a  very  fmall  body  may  be  of  grea^t 
weight,  while  a  very  large  one  may  be  light.  Every 
body,  then,  is  fufceptible  of  two  mcafurements,  en- 
tirely different  from  each  other.  The  one  deter- 
mines  it's  magnitude  or  extent,  called  likewifc  it> 
fize ;  this  m.eafurement  belongs  to  the  province  of 
geometry,  which  teaches  the  mtithod  of  meafuring 
the  magnitude  or  extent  of  bodies.  The  other  mode 
of  mcafurement,  by  wjiich  their  weight  is  deter- 
joinfidif  is  totally  different,  and  ferves  to  difUnguiih 
the  nature  of  the  different  fubftances  of  which  bQ» 
dies  are  formed. 

You  can  eafily  conceive  feveral  maffes  of  different 
fubftances,  all  of  the  fame  magnitude,  or  extent ; 
each,  for  example,  of  a  cubic  figure,  whofe  length, 
breadth,  and  height,  ihall  be  a  foot.  Such  a  mafs, 
if  it  be  of  gold,  would  weigh  1330  pounds;  if  of 

N4  lilver. 
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filvcr,  770  pounds ;  if  of  iron,  500  pounds  j  and  if 
of  water,  only  70  pounds ;  were  it  of  air,  it  would 
weigh  no  more  than  the  twelfth  part  of  a  pound. 
From  this  you  fee,  that  the  different  fubftances  (^ 
which  bodies  are  compofed,  vary  confiderably  in  re- 
{pcd:  of  gr?ivity. 

To  exprefs  this  difference,  we  employ  certaia 
terms,  \idiich  might  appear  equivocal,  if  they  were 
BOt  perfectiy  underftood.  Thus,  when  it  is  laid, 
that  gold  is  heavier  than  filver,  it  is  not  to  be  \mder- 
fiood,  that  a  pound  of  gold  is  heavier  than  a  pound 
of  filver ;  for  a  pound,  of  whatever  fi:(l>ftanGe,  is  al« 
ways  a  pound,  and  has  always  precifely  the  fame 
weight ;  but  the  meaning  is,  that  having  two  mafles 
of  the  fame  fize,  the  one  gold  and  the  other  filver, 
the  weight  of  the  mafs  of  gold  will  exceed  that  of 
the  filver.  And  when  it  is  faid,  that  gold  is  1 9  times 
heavier  than  water,  we  mean,  that  having  two  ^ual 
maffes,  the  one  of  gold,  the  othpr  of  water,  that 
which  is  of  gold  will  have  19  times  the  weight  of 
that  which  is  of  water.  When  we  thus  exprefs  our- 
felves,  we  fey^  nothing  of  the  abfolute  weight  ot 
bodies,  we  only  fpeak  byway  of  comparifon,  and 
with  a  reference  always  to  iriaffes  of  an  equal  fize. 
Neither  is  it  of  importance,  whether  the  fize  be  great 
pr  fmall,  provided  they  be  equal. 

^5/^  Aug.  1760, 
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Terms  relative  to  Gravity ^  and  their  true  Import. 
« 

GRAVITY,  <Mr  weight,  feems,  fo  effential  to  the 
nature  of  bodies,  that  it  is  almoft  impoffible  to 
<ferm  tjie  idea  of  a  body  diveftcd  pf  this  quality. 
•And  it's  influence  is  fo  univerfal,  in  all  our  opent- 
•tions  upon  body,  that  we  muft,  in  every  inftancci 
pay  attention  to  it's  gravity,  or  weight.  As  to  our 
own  perfons,  whether  we  ftand,  fit,  or  lie,  we  conf^ 
tinualiy  feel  the  effeft  of  the  gravity  of  our  owh 
body :  we  could  never  fall,  if  the  body  were  not,  aa 
well  as  all  it's  parts,  endowed  with  this  force.  Lan* 
guage  itfclf  is  regulated  according  to  this  property 
of  bodies.  The  place  toward  which  a  body  tends  itt 
it's  defcent,  we  term  low ;  and  the  oppofite  direftion 
from  the  body,  we  term  high. 

It  muft  be  remarked,  that  when  a  body,  in  falHng^ 
is  at  perfed  liberty,  it  always  defcends  in  a  ftraight 
line,  purfuing  which,  it's  diredion  is  faid  to  be 
downward.  This  line  is  likewife  called  vertical j  by 
which  term  we  always  mean  a  ftraight  line,  drawn 
•from  high  to  low ;  and  if  we  conceive  this  line  pro«^ 
duced  upward,  till  it  reaches  heaven,  we  call  that 
point  in  the  heavens  our  zenith^  an  Arabian  word, 
denoting  that  point  in  the  heavens  which  is  dire&ly 
over  our  head.  You  comprehend,  then,  that  a  vcr* 
tical  line,  is  that  ftraight  line  in  which  a  body  f;ldls» 
when  no  ilonger  fupported.  When  you  ajp^  a  thread 

to 
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wonkattlie  phoe  mbm  wcaie.-  For  tanfftatt 
wbohs^rt  made  the  drcnit  of  the  g^bbc^  cUcrv^ 
liMit  tbcir  head,  and  feet  had  thtoadiout  maiiitakied 


^,"." 


lihefiuDe  paiitioii  rdbtrrdy  to  the  fiirfiux  of  the  ter« 

MftriaIgM>^ 

.'  Some  pccfinu  whom  this  piienomeiioii  ciidafia£« 

ftd,  formerly  thought  of  cxphaiiBifcJte^  ly  ttie  coMh  ^ 

farifiMi  of  a  globe,  over  the  fiiitrnkpf  whkh  yoa  j 

fte  Sies  and  other  iniedt  n  iiil  iiii  iwhipihi  iii  wdk 

as  the  upper  par^    But  they  did  not* bbnfiderthic     i 

the  inieds  on  the  dependent  fur£u:e  adhere  to  it  faf     | 

dirir  daws,  and,  without  this  affiftanre,  woohj  pt^  J 

fimtiy  £iU  off.    The  antipode,  then,  tinAJpasc  Jm,'  p : 

ium  fumiihed  with  hooks  to  holdhiihMtetW  f  ^ 

ioxbcc  of  the  earth:  butthoug^i  he.fa»uMM^-liO'  '' 

hJU  not  aoy  more  than  we  do*    Befides,  as  wii  iidift^  ^ 

■  ■   .  ■  (.-« I. 

gine  ourielires  to  be  on  the  uppermoft  furfiwe  of  tiUf 
curth,  the  antiiK>de  has  the  fame  idea  of  his  fitiiatioiv 
and  confiders  us  as  undermoiL  .   -.  •  i .  \ 

Bat  the  whole  phenomena  are  eafily  accdanted 
lor,  on  the  hypothecs  which  experience  has  demoo^ 
ftrated,  that  the  direction  of  gravity  is  feniihiy  pcr<^ 
pendicular  to  the  furface  of  the  earth,  at  every  poont 
of  that  furface ;  that  it  varies  at  thefe  different  p(^ts;  . 
and  that  at  thofe  which  are  antipodes  to  each  otheir^ 
it  muft  be  exa£Uy  oppofite.    The  terms  toward  and 
downward^  therefore,  do  not  exprefs  an  invariahk 
dircftion,  but  the  direftion  of  gravity,  wherever  it 
is.     Our  antipodes  havef  their  heads  dowmfford  Wf     . 
with  relation  to  us,  but  not  with  rdation  tothOBM  -^ 
(elves ;  they,  as  well  as  we,  are  in  the  pofitidn  wUdb 
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to  any  body,  holding  it  faft  at  the  other  end,  that 
thread  will  be  ftretched  out  into  a  firaight  line,  and 
that  line  will  be  vertical.  Mafons  employ  a  fmall 
cord^  with  a  leaden  ball  at  one  end,  which  they  call 
a  plummet^  to  dired  the  perpendicularity  of  the  walls 
which  they  rai& ;  for  thefe,  to  be  iblid,  muft  be  ver« 
tkaL 

All  the  floors  of  a  houfe  ought  to  be  fo  kvd^ 
that  the  vertical  line  fliall  be  perpendicular  to  thorn; 
the  floor,  in  that  caie,  is  iaid  to  be  horizontal }  an4^ 
you  will  plea£e  to  remember,  that  a  horizoiital  (dane 
Is  always  that  to  which  the  vertical  line  is  perpendi- 
cular.  When  you  are  in  a  perfed  plaae,  bounded 
try  no  mountain,  it's  extremities  are  termed  the  b(h 
^zojiy  a  Greek  word,  which  fignifies  the  boundary  of 
^ht ;  and  this  plane  then  reprefents  a  horizontal 
fdane,  juft  as  the  furface  of  a  lake. 

We  make  ufe  of  ftill  another  term  to  exprefs  what 

is  horizontal.    We  fay  that  fuch  a  furface  or  line  is 

i0wl.    We  likewife  fay,  that  two  points  are  on  the 

Jevei,when  a  firaight  line,  pafling  through  thefe  two 

points,  is  horizontal,  fo  that  the  vertical,  or  plumb 

'luie,  ihall  be  perpendicular  to  it.     But  two  points 

•arc  not  on  the  level,  when  ike  firaight  line,  drawn 

'through  thefe  points,  is  not  horizontal ;  for  then  one 

<rf  them  is  more  elevated  than  the  other. 

•    "This  is  the  cafe  with  rivers ;  their  furface  has  a 

iledivity ;  for  were  it  horizontal,  the  river  would  be 

Aagnant,  and  run  down  no  longer,  whereas  all  rivcrs^ 

PC  contuiually  flowing  toward  places  lefs  elevated, 

icre  are  snflruments,  by  means  of  which  we  can 

afcertaiui 
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dG:;ertain,  whiether  two  points  are  on  the  fame  Irrdt 
or  wluch  is  the  higher,  and  by  how  mudu  Thii 
ialbrainent  is  called  a  levels  and  the  application  of  it 
13  caHed  the  art  of  levelling. 

Were  you  to  draw  a  ftraight  line  from  any  pointy 
in  your  apartment  at  Berlin,  to  a  given  point  in  your 
apartment' at  Magdeburg,  you  might,  by  means  of 
'  fitch  an  inftrument,  afcertain,  whether  this  line  wer6 
horizontal,  or  whether  one  of  thefe  points  were  more 
or  le(s  elevated  than  the,  other.  I  believe  the  point 
at  Berlin  would  be  more  elevated  than  that  at  Magde* 
burg :  and  I  found  this  opinion  on  the  courfe  of  the 
rivets  Spree,  Havel,  and  Elbe.  As  the  Spree  runs 
into  the  Havel,  it  muft,.  of  courfe,  be  higher ;  and, 
for  the  iime  reafon,  the  Elbe  muft  be  lower  than  the 
Havd :  Berlin,  therefore,  ftlnds  higher  than  Magde- 
burg, provided  you  compare  two  points  at  an  equal 
idegree  of  elevation  from  the  ground  i  for  wtre  % 
Araight  line  to  be  drawn  from  the  fixeet  pavement 
at  Berlin  to  the  pannacle  over  the  dome  at  Magdo* 
burg,  that  liae  would  perhaps  be  horizontal. 

Hence  you  iiee  how  ufefui  the  art  o£  taking  Isvdt 
lis,  when  the  conducing  of  water  is  concernedL  For 
fls  water  can  run  only  from  a  more  to  a  lei3  elevated 
£tuatk>n,  before  di^ng  a  caiaaly  you  muft  be  wdl 
affuf ed,  that  oiie  of  the  extremities  is  more  elevated 
than  tbfi  other,  mul  this  is  diibovered  by  taking  ti^ 
}eveL 

In  buildb^  t  city,  the  ftreets  &o^ld  be  io  difpofed^ 
as  that,  by  means  of  a  dedivity  on  one  fide,  the 

water  mojr  ran  a£   it  i3  «tk^wiie  ja  the  conftruc^ 

tiott 
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.tion  of  houies,  the  floors  of  which  fhould  be  per£edL» 
tjT  horizontal,  and  without  the  fmalleft  declivity,  be* 
xanie  there  is  no  water  to  be  difcharged,  except  in 
the  floors  of  ftables,  which  are  conflruded  with  a 
.gentle  declivity.  Afironomers  take  great  pwis  to 
have  the  floors  of  their  obfervatories  perfectly  level, 
tocorrefpond  with  the  real  horizon  in  the  heavens* 
JHic  vertical  liae^  produced  upward,  marks  the  as<^ 
nitlu  ' 
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]R0pIy  to  certain  ObjeStions  to  the  EartVs  fpherical  , 
Figure^  derived  from  Gravity. 

l^OU  know  well  that  the  figure  of  the  earth  is 
-  ^     nearly  that  of  a  globe.     It  has,  indeed,  been 
"demonftrated,  that  it's  form  is  not  perfe<My  fpheri- 
cal, but  fomewhat  flattened  toward  the  poles.     The 
difference,  however,  is  fo  trifling,  that  it  does  not  at 
aH  affeft  the  objeft  I  have  in  view.    Neither  does  the 
difference  of  mountain  and  valley  excite  any  folid 
6bjeftion  to  it*s  globular  figure ;  for  it's  diameter 
being    1720   German  miles,*  whereas  the  higheft 
*  mountains  being  fcarcely  half  a  milef  in  height,  fink 
into  nothing,  compared  to  this  prodigious  mafe. 
The  ancients  had  a  very  imperfed  notion  of  the 

•  7900  miles  Englifli. 
'    t  Abojftt  i»,goo  UttyOXJZ  *  miles  Englifli. 

real 
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read  figure  of  the  earth.  It  was  in  general  confider'^ 
ed  as  a  huge  naaffy  fubftance  A  B  C  D  (plate  Tl.Jlg." 
II.)  flattened  above  as  A  B,  and  covered  partly  with 
earth,  partly  with  water.  According  to  their  idea^ 
the  furface  A  B  alone  was  habitable ;  and  it  was  ini«: 
poffible  to  go  beyond  the  points  A  and  B,  which 
they  confidered  as  the  extremities  of  the  wotld.: 
When,  in  the  progrefs  of  difcovery,  it  was  found 
that  the  earth  was  nearly  fpherical,  and  univerfiilly 
habitable,  fo  that  there  were  upon  the  globe  fpots 
diametrically  oppofite  to  us,  the  inhabitants  of  which 
are  therefore  called  our  antipodes j  becaufe  their  feet 
are  turned  dire£Uy  toward  ours ;  this  opinion  met: 
with  fiich  violent  contradiftion,  that  certain  fathers: 
of  the  church  reprefented  it  as  a  dreadful  herefy,  and 
thundered  out  anathemas  againft  all  who  'believed  ia 
the.  exiftence  of  the  antipodes.  A  man,  however, 
would  now  pais  for  an  idiot,  who  would  call  it  in. 
queftiOn ;  efpecially  fince  the  opinion  has  been  con-, 
firmed  by  the  experience  of  navigators,  who  have 
aftually  more  than  once  failed  round  the  globe.  But 
another  difficulty  here  prefents  itfelf,  the  folution  of 
wluch  muft  aflift  us  in  difcovering  the  real  direftion 
of  gravity. 

If  the  circle  A  B  (plate  II.  ^g.  1 2.)  fay  they,  re- 
prefents  the  earth,  and  we  are  at  A,  our  antipodes 
will  be;  diametrically  oppofite,  at  B.  As  we,  then,^ 
have  the  head  upward,  and  the  feet  downward,  our 
antipodes  muft  have  the  feet  upward  and  the  head 
downward,  fuppofing  thefe  words  to  indicate  the 
£uxie.,  dirediion  as  when  we  pronounce   the  fame 

words 
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Different  AWm  of  Gravity  with  refped  to  certain  Coun- 
tries and  Dijlances  from  the  Centre  of  the  Earth. 

'OU  are  now  fenfible  that  all  bodies  are  forced 

dure^y  towards  the  centre  of  the  earth,  and 

ficolarly  to  it*s  furface  by  their  gravity :  the 

idular  lines  at  the  furfaice  of  our  globe  are  ac- 

{i^!  confidered  as  the  diredions  of  the  power 
Avity, 

With 
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.  with  ftrifl:  propriety  is  the  term  power  applied  to 
gravity,  as  every  thing,  capable  of  putting  a  body  in 
inotion  is  expfeffed  by  that  name.  Thus  we  afcribe 
power  to  horfes,  becaufe  they  are  able  to  draw  along 
a  chariot ;  or  to  the  current  of  a  river,  or  to  the 
wind,  becaufe  by  their  means  mills  may  be  put  in 
motion.  There  can  be  no  doubt,  therefore,  that 
gravity  is  a  power,  as  it  forces  bodies  downward : 
and  we  are  abundantly  fenfible  of  the  eflfeft  of  this 
power,  by  the  preffure  which  we  feel  when  we  carry 
a  load. 

Now,  in  every  power  two  things  are  to  be  con- 
fidered :  firft,  the  direftion  in  which  it  acts,  or  forces 
along  bodies ;  and,  fecondly,  it's  quantity,  which  is 
eftimated  by  the  effeft  it  produces.  As  to  the  direc- 
tion of  gravity,  it  is  fufficiently  known,  for  we  are 
furc  that  it  forces  all  bodies  toward  the  centre  of  the 
earth,  or,  which  amounts  to  the  fame  thing,  that  it 
afts  perpendicularly  to  the  furface  of  our  globe. 

It  remains,  therefore,  that  we  examine  it's  quan- 
tity. This  power  is  always  determined  by  the  weight 
of  every  body,*  and  as  bodies  differ  greatly  with  re- 

fpeft 

•  In  order  to  form  an  exaft  idea  of  the  weight  of  a  body,  i^ 
muft  be  rccoUcdked,  that  gravity  impTcfles,  or  has  a  tendency  to 
imprefs,  on  every  particle  of  bodies,  in  an  inftant,  a  certain  velo- 
city, with  which  they  would  fall,  if  they  were  not  fupported ;  and 
thatt  abftradting  the  influence  of  the  air,  this  velocity  would  bft 
the  fame  for  each  of  the  particles  of  bodies,  whatever  be  their  fub- 
fiance.  This  being  laid  down,  we  muft  underftand  by  the  weight 
of  a  body  the  cfibrt  neceffary  to  prevent  it  from  falling;  and  it  is 
evident  that,  in  order  to  tbis>  it  Is  neceflary  to  deftroy  the  velocity 
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%ecl  to  weight,  thofe  which  are  heavieft  arc  likewife 
^rced  downward  with  the  greateft  violence.  It  has 
been  alked.  Whether  the  feme  body,  tranfported  to 
a  difier^nt  place  of  the  globe,  preferves  ajways  the 
feme  weight  ?  I  fpeak  of  bodies  which  lofe  nothing 
by  evaporation.  It  has  been  demonftrated,  by  un- 
doubted experiments,  that  the  feme  body  weighs 
fomewhat  lefs  toward  the  equator,  than  tt)ward  the 
poll^  of  the  earth. 

It  wilj,  readily  occur  to  you,  that  it  is  impoflible 
to  afcertain  this  difference  by  the  exafteft  balance, 
becaufe  the  ftandard  weights  employed  for  determin- 
ing the  weight  of  matter  in  bodies,  undergo  the 

which  gravity  has  imprefled  on  every  particle.  This  effort  mufl:, 
therefore,  be  equal  to  the  fum  of  the  velocities  of  all  thefc  par- 
ticles. Hence  it  may  be  eafily  concluded,  that  bodies  the  mofl 
compadi,  that  is,  thofe  whofe  particles  are  the  clofeil,  and  which, 
confequently,  contain  a  greater  number  of  them  in  the  fame  bulk, 
will  weigh  more  than  others,  becaufe  the  weight  being  the  fum  of 
the  velocities  imprefled  on  each  particle,  that  fum  muft  be  fo 
much  greater,  as  there  are  more  material  particles  contained  in  the 
,roafs  of  the  body. 

From  what  1  have  juft  faid,  *'  we  fee  the  neceffity  of  carefully 
'*  dlitinguifhing  between  the  effedl  of  gravity  and  that  of  weight: 
"  the  former  is  the  power  of  tranfmitting,  or  a  tendency  to  tr^nf- 
'.*  rait  into  every  particle  of  matter  a  certain  velocity,  which  is  ab- 
*'  folutely  independent  on  the  number  of  material  particles;  and 
*'  the  fecond  is  the  effort  which  muft  be  exercifed  to  prevent  a 
*«  given  mafs  from  obeying  the  law  of  gravity.  Weighty  accord- 
*'  ingly,  depends  on  the  mafsy  but  graniti/  has  no  dependance  at  ail  vpon 
•'it:' 

T  thought  myfelf  obliged  to  entec  thus  minutely  into  th^  fub- 
as  the  nvtions  comgaonly  entertained  of  it  ar-e,not  ytry  ^%a£L 

fame 
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fame  variation.  Thus  a  mafs^  which  with  uS  itiight 
weigh  1 00  pounds,  being  tranfported  to  the  equator, 
would  ftill  nominally  be  i  oo  pounds  weight,  but  the 
effort  will  be  fomewhat  lefs  than  here.  This  varia;- 
tion  has  been  difcovered  by  the  effeft  itfelf  of  the 
power  of  gravity,  which  is  the  velocity  of  the  de- 
fiant, for  it  is  found  that  the  fame  body,  under  the 
equator,  does  not  dcfcend  with  fo  great  velocity  as 
in  high  latitudes.  It  is  certain,  therefore,  that  the 
fame  body,  being  tranfported  to  different  places  6f 
the  earth,  undergoes  a  little  change  as  to  weight. 

Let  us  now  return  to  the  aperture  made  in  the 
earth  through  it's  centre  ;  it  is  clear,  that  a  body  at 
the  very  centre  muft  entirely  lofe  it's  gravity,  as  it 
could  no  longer  move  in  any  direction  whatever, 
•all  thofe  of  gravity  tending  continually  toward  the 
centre  of  the  earth.  Since,  then^  a  body  has  no 
longer  gravity  at  the  centre  of  the  earth,  it  will  fol- 
low that,  in  defcending  to  this  centre,  it's  gravity 
will  be  gradually  diminiflied ;  and  we  accordingly 
conclude,  that  A  body,  penetrating  into  the  bowels 
of  the  eartji,  lofes  it's  gravity,  in  proportion  as  it  ap- 
proaches the  centre.  You  muft  be  fenfiblcj  then^ 
that  neither  the  intenfity  nor  the  direftion  of  gravity 
is  a  €onfequenc€f  from  the  nature  of  every  body,  ag 
not  otily  it's  intenfity  is  variable,  but  likewife  it's  di- 
tection,  which,  on  paffing  to  the  antipodes,  becomes 
quite  contrary. 

Having  travelled,  in  idea,  to  the  centre  of  the 
earth,  let  us  return  to  it's  furface,  and  afcend  to  the 
fummit  of  the  loftieft  mountains.    We  fliall  obferve 
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there  no  fenfible  change  in  tlie  gravity  of  bodies, 
though  there  is  very  good  reafon  to  belieye  that  the 
weight  of  a  body  diminiihes  in  proportion  as  it  re- 
moves from  the  earth.  You  have  but  to  imagine  a 
body  gradually  removing  from  our  globe,  till  it 
reached  the  fun,  or  one  of  the  fixed  ftars,  it  would 
be  ridiculous  to  think  that  fuch  a  bpdy  muft  fell 
back  to  the  earth,  as  it  is  almoft  a  nothing  compared 
to  thefe  ftars.  Hence,  then,  it  m?iy  be  concluded, 
that  a  body  in  removing  from  the  earth  n^uil  un- 
dergo  a  diminution  of  gravity,  which  will  become 
fmaller  and  fmaller,  till  at  laft  it  wholly  difappear. 

There  are  reafons,  however,  which  demonftrate.^ 
that  a  body  removed  to  the  diftance  of  the  moon, 
will  ftill  have  fome  weight,  though  3600  times  left 
than  it  had  on  the  earth.  Let  us  conceive  fuch  a 
body  to  weigh  3^00  pounds  on  the  earth,  no  one, 
furely,  is  capable  of  fUppoirting  it  here ;  but  convey 
it  to  the  diftance  of  the  moon,  and  I  fliall  engage  to 
fupport  it  with  one  of  my  fingers,  for  then  it  will 
weigh  only  one  pound ;  and  farther  removed,  w6uld 
weigh  ftill  lefs.  We  are  certain,  therefore,  that  gra- 
vity is  a  power  which  forces  all  bodies  toward  the 
centre  of  the  earth,  that  this  power  afts  with  the 
greateft  force  at  the  furface  of  the  earth,  and  is  di- 
minifhed  in  proportion  as  it  removes  from  thence, 
whether  by  penetrating  toward  the  centre,  or  riling 
above  the  furface  of  the  globe.  I  have  ftill  much  to 
iay  on  this  fubjed. 

30'A  Augnfi,  1 760. 

PITTER 
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LETTER  LL 

Gravity  of  the  Moon. 

T  HAVE  faid  that  a  tetreftrial  body,  placed  at  the 
-*•  difiance  of  the  moon,  would  be  reduced  to  the 
3600th  part  of  it's  weight,  or,  in  other  words,  would 
be  forced  toward  the  centre  of  the  earth  with  a  pow-er 
3600  times  lefs  than  it  has  at  the  furface  of  the  globe* 
This  power,  however,  would  be  fufficient  to  make  it 
defcend  to  the  earth,  if  it  were  no  longer  fupported. 
It  is  true  we  are  incapable  of  proving  this  by  any  ex- 
periment, as  no  means  pxift  of  railing  ourfelves  to 
foch  a  height.  There  is,  however,  a  body  at  that 
height,  the  moon :  fhe  muft,  therefore,  be  fubjeft  to 
this  effect  of  gravity,  and  yet  we  fee  flie  does  not  fall 
to  the  earth. 

To  this  I  anfwer,  that  if  the  moon  were  at  reft, 
flie  would  certainly  fall,  but  the  rapid  motion  which 
Carries  her  along  prevents  her  falling.  There  are 
experiments  which  prove  the  folidity  of  this  anfwer. 
A  ftone  dropped  from  the  hand,  without  having  any 
motion  impreffed  upon  it,  falls  immedisitely,  in  the 
direftion  of  a  ftraight  vertical  line  j  but  if  you  throw 
this  ftone,  impreffing  on  it  a  motion  which  forces  it 
out  of  that  direftion,  it  does  not  fall  immediately 
downward,  but  moves  in  a  curve  line  before  it 
reaches  the  earth,  and  this  will  appear  more  fenfibly 
in  proportion  to  the  velocity  impreffed  upon  it. 

A  cannon  ball,  difcharged  in  a  horizontal  direc- 
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tion,  does  not  come  to  the  earth  till  it  has  got  to  a 
confiderable  diftance  j .  and  were  it  fired  from  the  top 
of  a  high  mountain,  it  might,  perhaps,  fly  feveral 
miles  before  it  reached  the  ground.  If  the  diredion 
of  the  cannon  is  ferther  elevated,  and  the  quantity 
^d  ftrength  of  the  powder  increafed,  the  ball  will 
be  C2U*ried  much  further.  This  ipight  be  carried  ih 
for,  that  the  ball  flxould  not  light  till  it  had  reached, 
the  antippdes :  nay,  firther  ftill,  till  it  ihould  not  fall 
at  all,  but  return  to  the  place  where  it  was  fhot  oflF, 
and  thus  perform  a  new  tour  round  the  globe.  It 
would  thus  be  a  little  moon,  making  it's  revolutions 
round  the  earth  like  the  real  moon.  ' 

You  will  now  pleafe  to  reflect  on  the  height  of 
the  moon,  and  the  prodigious  velocity  with  which 
flie  moves,  and  you  will  no  longer  be  furprifed  that 
^e  fhould  not  fall  to  the  earth,  though  forced  "by^ 
gravity  toward  it's  centre.  There  is  another  reflecr 
tion  which  will  place  this  in  a  clearer  light.  We 
have  only  to  cpnfider  the  path  defcribed  by  a  ftone 
thrown,  or  a  cannon  ball  fliot  off",  in  an  qbli(}ue  di- 
reftion.  It  is  always  a  curve,  fuch  as  reprefented  in 
the  annexed  figure  (plate  III.^^.  3). 

Let  A  be  the  fummit  of  a  mountain  from  which 
the  cannon  ball  is  fired  off,  which,  after  having 
moved  in  the  direction  A  E  F  B,  fsills  to  the  ground 
at  B  J  and  the  path  which  it  defcribes  is  a  curve  line, 
I  remark,  then,  that  if  the  ball  yrere  not  heavy,  that 
is,  if  it  were  not  forced  toward  the  earth  by  the 
power  of  gravity,  it  would  not  fall,  though  left  to 
itfelf,  as  gravity  is  the  only  caufe  of  it's  defcent ; 

much 
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mudi  IdSf  being  fire4'off  at  A,  as  reprefented  in  the 
figure,  would  it  cv&c  fall  to  the  ground.  Hence  we 
&C9  it  is  gravity  that  brings  it  down  to  the  ground, 
after  having  deftxibed  the  curve  A  E  F  B ;  gravity, 
therefore,  direds  it's  path  in  the  curve  A  E  F  B ; 
and  if  it  were  ddtitute  of  gravity,  the  ball  would 
not  defcribe  a  curve,  but  proceed  fonjrard  in  the  di-^ 
redJon  of  the  ftraight  line  A  C,  the  diredtion  in 
which  it  was  fired  off. 

This  being  laid  down,  let  us  attend  to  the  moon, 
which  affuredly  does  not  move  in  a  ftraight  line ; 
her  path  muft  of  necefiity  be  a  curve,  as  ihe  always 
preieryes  nearly  the  fame  difiance  from  us,  and  that 
curve  almoft  a  circle,  fuch  as  you  would  defcribe 
J0un4  the  earth,  with  a  radius  equal  to  the  moon's 
dift^pce. 

It  is  very  reafonable  to  demand.  Why  the  moon 
fioes  not  move  in  a  ftraight  line  ?  But  the  anfwer  is 
pbvioun ;  for  as  gravity  occafions  the  curve  direftion 
of  the  path  purfued  by  a  ftone  thrown,  or  a  cannon 
hall  fired  off,  there  is  good  ground  for  maintaining, 
that  gravity  acls  likewife  upon  the  moon,  forcing 
her  toward  the  earth ;  and  that  this  gravity  occa- 
fions alfd  the  curve  diredion  of  her  orbit.  The  moon, 
^len,  has  a  certain  weight,  ihe  is,  of  confequence, 
forced  toward  the  earth;  but  this  weight  is  3600 
times  lefs  than  it  would  be  at  the  furface  of  the  earth. 
This  is  not  merely  a  probable  conjeAute^  but  a  truth 
demonftrated.  For  this  gravity  being  fuppofed,  we 
are  enable  to  determine,  oil  the  moft  eftabliftied  ma- 

tliematical 


202  DISCOVERY  OF  UKIVJEftgAJL 

thematical  prindides,  the  path  which  the  moon  muft 
purfue ;  and  this  is  found  pcrfedly  to  agree  with 
that  in  which  Ihe  aftually  does  move ;  and  this  is  a 
com[dete  demonilration  of  the  truth  of  the  afiertion. 
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Difcovery  of  univerfal  Gravitation  by  Newton* 

/^  RAVITY,  then,  or  weight,  is  a  property  of  all 
^^  terreftrial  bodies,  and  it  extends,  likewife,  to 
the  moon.  It  is  in  virtue  of  gravity  that  the  moon 
preffes  toward  the  earth ;  and  gravity  regulates  her 
motion  juft  as  it  directs  that  of  a  ftone  thrown,  or 
of  a  cannon  ball  fired  off. 

To  Newton  we  are  indebted  for  this  important  dif- 
covery.  This  great  Englifli  philofopher  and  geome- 
trician, happening  one  day  to  be  lying  under  an 
apple-tree,  an  apple  fell  upon  his  head,  and  fuggefted 
to  him  a  multitude  of  refleftions.  He  readily  con- 
ceived that  gravity  was  the  caufe  of  the  applets  fall- 
ing, by  overcoming  the  force  which  attached  it  to 
the  branch.  Any  perfon  whatever  might  have  made 
the  fame  reflection ;  but  the  Englifli  philofopher 
purfued  it  much  farther.  Would  this  force  have  al- 
ways afted  upon  the  apple,  had  the  tree  been  a  great 
deal  higher  ?  He  could  entertain  no  doubt  of  it, 

But  had  the  height  been  equal  to  that  of  the  moon? 

Here 
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Here  he  found  himfelf  at  a  lofi  to  determine  whether 
the  apple  would  fall  or  not.  In  cafe  it  ihould  fall» 
which  appeared  to  him,  however,  highly  prob^ble^ 
fince  it  is  impoflible  to  conceive  a  bound  to  the  height 
of  the  tree,  at  which  it  would  ceafe  to  fall,  it  muft 
itill  have  a  certain  degree  of  gravity  forcing  it  to- 
ward the  earth ;  therefore,  if  the  moon  were  at  the 
lame  place,  flie  muft  be  preffed  toward  the  earth  by 
a  power  fimilar  to  that  which  would  aft  upon  the 
apple.  Neverthelefs  as  the  moon  did  not  fall  on  his 
head,  he  conjeftured  that  motion  might  be  the  caufe 
9f  this,  juft  as  a  bomb  frequently  flies  over  us,  with- 
out Ming  verticaUy. 

This  comparifon  of  the  motion  of  the  moon  to 
that  of  a  bomb,  determined  him  attentively  to  ex- 
amine  this  queftion ;  and,  aided  by  the  moft  fublime 
geometry,  he  difcovered,  that  the  moon  in  her  mo- 
tion was  fubjeft  to  the  fame  laws  which  regulate 
that  of  a  bomb,  and  that  if  it  were  poflible  to  hurl  a 
bomb  to  the  height  of  the  moon,  and  with  the  fame 
velocity,  the  bomb  would  have  the  fame  motion  as 
the  moon,  with  this  difference  only,  that  the  gravity 
of  the  bopnib  at  fuch  a  diftance  from  the  earth,  would 
be  much  lefs  than  at  it's  furface. 

You  will  fee,  from  this  detail,  that  the  firft  rea- 
ibnings  of  the  philofopher  on  this  fubjecl  were  very 
fimple,  and  fcarcely  differed  from  thofe  of  the  clown ; 
but  he  foon  puflied  them  far  beyond  the  level  of  the 
down.  It  is,  then,  a  very  remarkable  property  of 
the  earth,  that  not  only  all  bodies  near  it,  but  thofe 
alfo  which  are  remote,  even  as  far  as  to  the  diflance 

of 
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^  tke  mocb,  liave  « tendeiic^  toward  tiie  oeiltK  ol 
the  eatth,  in  virtuie  o£  a  power  which  is  calfed  gr»» 
idty,^  4iHi  wl^ch  ctiminiffifs  in  proportion  at  bodies 
remov^e  fircKn  the  ^trth* 

The  £iiglifii  jrfiaioic^rfier  did  tK>t  {^  Ashv 

knew  that  the  other  planets  are  perfedly  iimilar  to 
the  eartht  he  concluded,  that  bodies  adjacent  to  each 
planet  pofiels  gravity^  and  that  the  dtredion  of  thift 
gravity  is  toward  the  centre  of  fiich  planet.  Thia 
gravity  might  be  greater  or  k&  there  than  on  the 
earth  i  in  other  words^  that  a  body  of  a  certain 
weight  with  us,  tranfported  to  the  furface  of  any 
planet,  might  there  weigh  more  or  leis.  .» 

Finally,  this  power  of  gravity  of  each  planet  6x-. 
tends,  likewiie,  to  great  diflances  around  them ;  and 
as  we  fee  that  Jupiter  has  four  iktellites,  and  Saturn 
five,  which  move  round  them  juft  as  the  moon  does 
round  the  earth,  it  could  not  be  doubted,  that  the 
motion  of  the  Iktellites  of  Jupiter  was  regulated  by 
their  gravity  toward  the  centre  of  that  planet ;  and 
that  of  the  fatellites  of  Sati^^rn  by  their  gravitation 
toward  the  centre  of  Saturn,  Thus,  in  the  fkme 
manner  as  the  moon  moves  round  the  earth,  and 
their  refpeftive  fatellites  move  round  Jupittr  and 
Saturn,  all  the  planets  themfelves  move  round  the 
fun.  Hence  Newton  drew  this  illuftrious  and  impor- 
tant condiifion :  That  the  fun  is  endowed  with  a 
fimilar  property  of  attrafting  all  bodies  toward  it's 
centre,  by  a  power  which  may  be  csHcd  folar  gravity^ 

This  power  extends  to  a  prodigious  diftance  around 
him,  and  far  beyond  all  the  planets,  for  it  is  this 

2  power 
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power  which  modifies  all  their  motions.  The  fame 
great  philofopher  difcovered  the  means  of  determin- 
ing .the  motion  of  bodies  from  the  knowledge  of  the 
power  by  which  they  are  attracted  to  a  centre ;.  and 
as  he  had  difcovered  the  powers  which  adi;  upon  the 
planets,  he  was  enabled  to  give  an  accurate  defcrip- 
ticHi  of  their  motion.  In  truth,  before  he  arofe,  the 
world  was  iii  a  ftate  of  profound  ignorance  refpect- 
log  the  motion  of  the  heavenly  bodies;  and  to  him 
^one  we  are  indebted  for  all  the  light  which  we  now 
enjoy  in  the  fcience  of  aftronomy. 

It  is  afboniflung  to  think  how  much  of  their  pro- 
grds  all  the  fdences  owe  to  an  original  idea  fo  very 
fimple.  Had  not  Newton  accidentally  been  lying  ia 
an  orchard,  and  had  not  that  apple  by  chance  fallen 
cm  his.  head,  we  might,  perhaps,  ftill  have  been  in 
the.  lame  ftate  of  ignorance  refpe<9ing  the  motions  of 
the  heavenly  bodies,  and  a  multitude  of  other  phe- 
nomena depending  upon  tliem.*  This  fubjeft,  un- 
4oubtedly,  is  altogether  worthy  of  your  attention^ 
and  ihall  therefore  be  refumed  in  a  future  letter. 

id  September y  1760. 

*  Newion  was  aficed  one  day,  How  he  had  difcovered  the  fyf- 
tcni  of  the  univerfe  ?  Bj/  continua/lj/  thinking  vpon  it^  replied  he. 
This  anecdote  has  a  greater  air  of  probability  than  the  ftory  of  the 
apple,— F.  E, 
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LETtER  Un. 

Oftbe  mutual  JtttaBim  rf  tb*  beavetdf 
Bodies. 

^T^HE  Newtonian  fyfiem^  you  will  eafiljr  bdkve, 
^  made  at  firfi  a  great  noiiS:,  and  with  good  rear 
ibn»  as  no  one  had  hitherto  hit  upon  a  diftovery  ib 
Tery  fortunate,  and  which  difiufed,  at  oncej,  fiich- 
dear  light  over  every  branch  of  fdence.  It  has  been 
ezprefled  by  ieveral  names,  of  which  it  is  proper  you 
jhould  be  informed,  becauie  it  is  frequency  the  fiib« 
jeft  of  converlation. 

It  has  been  denominated,  the  fyftem  of  unhrerial 
gravitation ;  for  Newton  maintained,  that  not  only 
the  earth,  but  ati  the  heavenly  bodies,  in  general,  are 
endowed  with  this  property,  of  attraAing  thofe 
which  furround  them,  with  a  power  iimilar  to  that 
of  weight,  or  gravity:  hence  is  derived  the  term 
Gravitation.    This  power  is,  however,  totally  invi- 
fible ;  for  we  fee  nothing  a^ng  upon  bodies,  and 
prefling  them  toward  the  earth,  and  ftill  lefc  toward 
the  heavenly  bodies. 

The  loadftone,  by  which  iron  and  fted  are  attrdd- 
ed,  without  our  being  able  to  difcern  the  caufe,  pre- 
fents  a  phenomenon  fomewhat  iimilar.  Though  it 
be  now  certain,  that  this  is  produced  by  a  fubfiance 
extremely  fubtile,  which  penetrates  through  the  pores 
of  the  loadftone  and  of  the  iron,  it  may,  however,  be 
affirmed,  that  the  loadftone  attrads  iron,  and  that  ' 

iron 
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iron  is  ittrafted  by  it,  provided  this  manner  of  fpeak« 
injg  does  not  e?:clude  the  true  caufe*  It  may  Uke- 
wife  be  affirmed,  then,  that  the  earth  attrads  all 
bodies  that  are  near  it,  nay  thofe  which  are  at  very 
great  difiances ;  and  we  may  confider  the  weight,  or 
gravity,  of  bodies,  as  the  eflfed  of  the  attradion  of 
the  earth,  which  acb  even  upon  the  moon.* 

Again,  the  fun,  and  all  the  planets,  are  endowed 
with  a  fimilar  power  of  attraftion,  which  extends  to 
all  bodies.  In  conformity  to  this  manner  of  fpeak* 
ing,  we  fay,  that  the  fun  attrafe  the  planets,  and 
that  Jupiter  and  Saturn  attraft  their  refpedive  fatel- 
lites ;  hence  Newton'^  fyftem  has  likewife  been  deno- 
minated, the  fyftem  of  Attradion.  As  there  can  be 
no  doubt  that  bodies  very  near  the  moon  muft  like- 
wife  be  preffed  to  it  by  a  power  fimilar  to  gravity, 
it  may  likewife  be  affirmed,  that  the  moon,  too,  at- 
trjads  adjoining  bodies. 

It  was  natural  to  fuppofe,  that  this  attraction  of 
the  moon  fliould  extend  as  fer  as  the  earth,  though 
it  muft  be,  undoubtedly,  very  feeble,  as  we  have  feen 

*  So  fer  is  the  cxiftence  of  a  magnetic  fluid  from  being  unde- 
niable, that  it  is  highly  improbable,  if  not  abfurd.  The  various 
phenomena  of  magnctifm  may  clearly  be  derived  from  two  lavi^s, 
or  general  fafts ;  than  which  a  greater  finiplicity  can  hardly  be  ex- 
pend. If  we  recur  to  the  agency  of  a  fluid,  we  muft  gratuitoufly 
beftow  on  it  a  number  of  properties  ;  and,  after  all,  we  (hall  find 
it  extremely  difficult,  I  might  fay,  impoflible,  to  preferve  coniift- 
ency  in  our  complicated  hypothefis;  nor  fhall  we  ever  be  able, 
from  our  aflfumptive  principles,  to  account  for  the  fadls  obferved. 
Such,  at  leaft,  has  been  the  fete  of  the  fpeculations  hitherto  offered 
on  the  fubjc<5l  of  magnetifm.— £,  £, 

that 
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that  of  the  earth  upon  the  moon  to  be ;  itow,  the 
fame  philoibpher  has  placed  this,  alfo,  beyond  the 
reach  of  doubt,  by  demoilftrating  that  the  flux  and 
reflux  of  the  waters  of  the  fea^  of  which  I  fliaS  take 
occafion  to  fpeak  afterwards,  are  cau&d  by  die  at- 
tra£tion  of  the  moon.  It  can  no  k^ager  be  doubted, 
therefore,  that  Jupiter  and  Saturn  are  redprocafly 
attrafled  by  their  refpedive  ibcdlites ;  and  that  the 
fun  itfelf  is  fubje6fc  to  the  attra^on  of  the  planets,^ 
though  this  attra^ve  power  be  exceedingly  fmalL 

This  is  the  origin  of  the  fyftem  of  univel^  at- 
traction, in  which  it  is  maintained,  and- with  good 
reafon,  that  not  only  does  t£e  fun  attrad  the  planets, 
but  is  reciprocally  attracted  by  each  of  them ;  nay, 
that  all  the  planets  exert  their  attra^ve  power  upon 
each  other.  The  earth',,  then,  is  attraded,  not  cmly 
by  the  fun,  but  alfo  by  all  the  other  planets,  though 
their  power  be  almoft  jpiperceptible,  compared  to 
that  of  the  fun. 

You  will  eafily  comprehend,  that  the  motion  of  a 
planet,  which  is  attracted  not  only  by  the  fun,  but 
by  the  other  planets,  in  however  fmall  a  degree,  muft 
be  fomewhat  diflFerent  from  what  it  would  have  been, 
were  it  attrafted  by  the  fun  only ;  and  that,  confe- 
quently,  the  attractions  of  the  other  planets  muft 
caufe  fome  fmall  derangement  of  that  motion.  Now 
thefe  derangements  are,  likewife,  confirmed  by  ex- 
perience ;  and  this  has  carried  the  fyftem  of  uni- 
verlal  attradion  to  the  higheft  poffible  d^ee  of  cer- 
tainty, fo  that  no  one  now  prefumes  to  dii^mte  it's 
truth. 

L  muft, 
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I  inuft  likewife  remark,  that  comets,  too,  are  ful>* 
jcft  to  this  law ;  that  they  are  principally  attra£led 
by  the  fim,  whofe  a6Hon  regulates  their  motion ;  but 
that  they,  likewife,  feel  the  attractive  power  of  all 
the  planets,  efpecially  when  they  are  not  very  dit 
tant  from  them.  It  is  a  general  rule,  as  we  {hall  fee 
afterwards,  that  the  attraction  of  all  the  heavenly 
bodies  diminifhes  in  proportion  to  the  diftance,  and 
increafes  in  proportion  to  the  nearnefs.  Now,  co- 
mets, likewife,  are  endowed  with  a  power,  by  which 
other  bodies  are  attrafted  toward  them,  and  fo  much 
the  more  fenfibly,  as  they  approach  nearer.  When, 
.  therefore,  a  comet  paffes  fomewhat  more  dofely  to  a 
planet,  it  may  derange  the  motion  of  that,  planet  by 
it's  attractive  power ;  and  it's  own  will  likewife  be 
difturbed  by  that  of  the  planet.  Thefe  confequences 
are  verified  by  real  obfervation. 

Examples  might  be  adduced  to  prove,  that  the 
motion  of  a  comet  has  been  deranged  by  the  attrac- 
tion of  the  planets,  near  which  it  happened  to  pafs,* 

*  The  comet  of  1681,  which  (hould  have  re-appeared  in  1757, 
underwent,  from  the  attradlive  powcts  of  Jupiter  and  Saturn,  near 
which  it  pafTed,  a  coniiderable  derangement,  which  retarded  it's 
appearance  nearly  two  years.  Mr.  Clairaut  calculated,  theoreti- 
cally, the  perturbations  which  it's  motion  muH  have  fuffered,  and 
pftdi6fced  the  return  of  that  comet,  with  a  degree  of  exadnefs, 
which  conftitutes  a  convincing  proof  in  favour  of  the  fyflem  of 
gncvitation.  There  was,  however,  an  error  of  two  months.  Bttt 
Mr.  de  la  Place  has  fince  demonftrated,  that  it  would  have  been 
much  leis,  had  we  then  been  able  to  calculate  the  perturbations  of 
Jupiter  and  Saturn,  with  as  much  exadbiefs  as  it  now  can  be 
done. — F.  E. 

Vol.  L  P  zod 
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^md  that  the  motion  of  the  earth,  and  of  the  other 
planets,  has  abready  undergone  fome  derangement^ 
from  the  attraflion  of  comets. 

The  fixed  ftars  being  bodies  fimilar  to  the  fun,  arc 
Ukewife  endowed,  no  doubt,  with  an  attractive 
power,  but  their  enormous  diftance  prevents  our 
feeling  any  fenfible  effect  from  it. 

^tJb  Sept,  i;6o. 
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Different  Sentiments  of  Philofophersj  refpeSling  imiverfal 
Gravitation.     The  Attra£lioniJii. 

TT  IS  cftabliflied,  then,  by  reafons  which  cannot  be 
^  controverted,  that  an  univerfal  gravitation  per- 
vades all  the  heavenly  bodies,  by  which  they  are  at- 
tracted toward  each  other ;  and  that  this  power  is. 
greater  in  proportion  to  their  proximity. 

This  faft  is  inconteftable,  but  it  has  been  made  a 
queftion.  Whether  we  ought  to  give  it  the  name  of 
impuljion^  or  attraSiion  ?  The  name,  undoubtedly,  is  a 
matter  of  indifference,  as  the  effect  is  the  fame.  The 
aflxonomer,  accordingly,  attentive  only  to  the  effeft 
gf  this  power,  gives  himfelf  little  trouble  to  deter- 
mme,  whctlier  the  heavenly  bodies  are  impelled  to^ 
Ward  each  otlier,  or  whether  they  mutually  attraft 
bnc  another :  and  the  perfon,  who  examines  the  phe- 
nomena only,  is  unconcerned,  whether  the  earth  at- 
tracts 
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tra^  bodies,  or  whether  they  are  impelled  toward 
it,  by  fome  invifible  caufe. 

But,  in  attempting  to  dive  into  the  myfteries  of 
nature,  it  is  of  importance  to  know,  if  the  heavenly 
bodies  aft  upon^  each  other  by  impulfioh,  or  by  at- 
traftion ;  if  a  certain  fubtile  invifible  matter  impels 
them  toward  each  other,  or  if  they  are  endowed  with 
a  fecret,  or  occult,  quality,  by  which  they  are  mu- 
tually attraftcd  ?  On  this  queftion  philofophers  are 
divided.  Some  are  of  opinion,  that  this  phenome- 
non is  analogous  to  an  impulfion ;  others  maintain, 
with  Newton^  and  the  Englifh  in  general,  that  it  con- 
£fts  in  attraction. 

It  muft  be  obferved,  that  the  terms  attra6l^  and, 
4rawj  are  not  perfeftly  fynonymous ;  that,  accord- 
ingly, it  is  not  to  be  fuppofed,  there  is  an  interme- 
diate body  between  the  fun  and  the  earth. 

The  Englifh,  and  thofe  who  have  adopted  the 
fame  opinion,  explain  it  in  this  manner.  They  main- 
tain, that  the  quality  of  mutual  attraction  is  proper 
to  all  bodies ;  that  it  is  as  natural  to  them  as  mag- 
nitude, and  that  it  is  a  fatisfying  folution  of  the  quef- 
tion. That  the  Creator  willed  this  mu|:ual  attraction 
rof  bodies.  Had  there  been  but  two  bodies  in  the 
nniverie,  however  remote  from  each  other,  they 
would  have  had,  from  the  firfl,  a  tendency  toward 
each  other,  by  means  of  which  they  would  have,  in 
time^  approached  and  united.  Hence  it  follows,  that 
the  greater  a  body  is,  the  more  confiderable  is  the 
attraftion  which  it  exerts  upon  others )  for,  as  this 

Pa  quality 


tI2  DIFFERENT  SENTIMENTS  ^ 

quality  is  eflential  to  matter,  the  more  of  it  any  body 
contains,  the  greater  is  it's  attraftive  force. 

As  the  &n,  therefore,  confiderably  furpaffes  all  the 
planets  in  magnitude,  it's  attraftive  force  muft  be 
much  greater  than  theirs.  They  likewife  remark, 
that  the  mafs  of  Jupiter,  being  much  greater  than 
that  of  the  earth,  the  attraftive  force  which  he  ex- 
erdfes  over  liis  fatellites,  is  much  more  powerful 
than  that  with  which  the  earth  ads  upon  the  moon. 

According  to  this  fyftem,  the  gravity  of  bodies  on 
the  earth,  is  the  refult  of  all  the  attra^ons  exercifcd 
upon  them  by  the  particles  of  our  globe ;  and  if  it 
contained  more  matter  than  it  aftually  does,  it's  at- 
traction would  become  more  powerful,  and  the  gra^ 
vity  of  bodies  would  be  increafed.  But  if ,  on  the 
contrary,  the  mais  of  the  earth  ihould  happen,  by 
fome  accident,  to  be  dimini£hed,  it's  attractive  force, 
too,  would  be  diminiflied,  as  well  as  the  gravity  of 
bodies,  at  it's  furface. 

It  has  been  objefted  to  thefe  philofophers,  that,  on 
their  hypothefis,  any  two  bodies,  whaitever,  at  reft, 
for  inllance,  on  a  table,  muft  attraft  each  other,  and, 
confequently,  approach.  They  admit  the  conie- 
quence,  but  they  infift,  that,  in  this  cafe,  the  attrac- 
tion would  be  too  fmall  to  produce  any  fenfible  ef- 
fe& ;  for,  if  the  whole  mafs  of  the  earth,  by.  it's  at- 
traftive  force,  produces  in  every  body,  only  that  ef- 
fect which  we  perceive  in  the  weight  of  a  body,  a 
mafs  many  millions  of  times  fmaller  than  the  earth, 
will  produce  an  effeft  as  many  times  ftnaller*  - 

:    .  It 
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It  muft  readily  be  admitted,  that  if  the  weight  of 
a  body  became  many  miUions  of  times  lefs,  the  ef- 
hSt  of  gravity  upon  it  muft  be  reduced  to  almoft 
nothing :  attradlion,  therefore,  cannot  be  perceptible, 
except  in  bodies  of  very  great  magnitude.    The  par- 
tizans  of  the  fyftem  of  gravitation,  therefore,  are  not 
vulnerable  on  this  fide,  and  they  produce,  in  fupport 
of  their  opinion,  an  experiment  made  in  Peru,  by  the 
French  academicians,*  in  which  they  perceived  the 
efifeA  of  a  flight  attraction  of  a  prodigious  mountain 
on  adjacent  bodies.    In  adopting,  therefore,  the  fyf- 
tem of  attra<ftion,  we  need  to  be  under  no  appre- 
henfion  of  it^s  leading  us  to  falfe  confequences ;  and 
it  has  hitherto  been  always  confirm^  by  th^  new 
fa^  which  have  been  difcpvered, 

ytb  September f  1760* 
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Power  by  which  the  Heavenly  Bodies  are  mutually  au 

trusted. 

"l^OU  are  well  acquainted  with  the  property  of  the 

-*"    loadfione,  that  of  attracting  iron.     You  have 

feen  imall  bits  of  iron  and  fted,  fuch  as  needles,  when 

*.Thc  academicians  fent  to  Peru,  in  1735,  to  mcafure  a  degree 
of  the  meridian,  obferved  a  deviation  of  8'*  in  the  plumb-line  of 
their  quadrant,  occafioned  by  the  attradlion  of  Pichenchoy  a  moun- 
tain near  the  place  where  they  were  making  their  obfervations^ 
Dr.  Majod^e  has  morre  recently  made  obfeivations  for  afccrtaining 
Ibe  cffcft  of  thc'attraftion  of  the  mountains  of  Scotland.—i^.  £• 

P  3  placed 
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placed  near  the  loadftone,  move  to  it  with  a  iForce 
proportioned  to  their  proximity.  As  you  fee  no* 
thing  that  impek  them  toward  the  loadftone,  we 
iky  that  the  loadftcme  attracts  them,  and  this  pheno^* 
menon  we  caU  aliraiHon.  It  cannot  be  doubted,  how«# 
^er,  that  there  is  a  very  fubtile,  though  invifible, 
matter^  which  produced  this  effeA,  by  adually  im« 
pelfiflg  the  iron  toward  the  loadftone  *,  but  as  niOdes 
d  expreflion  are  regulated  by  appearances,  it  has  ht^ 
dome  cuftom^  to  fay^  that  the  loadftone  attrads 
iron. 

Though  xka%  j^enomenon  be  pediUar  xa  the  load* 
ilone  and  iron^  it  is  perfedly  adapted  to  convey  an 
iiiea  of  the  figniikation  of  the  word  attr^tSioii,  which 
philofophers  fo  frequently  employ.  They  all^e^ 
then,  that  all  bodies,  in  general,  are  endowed  with  a 
property  fimilar  to  that  of  the  loadftone,  and  that 
they  all  mutually  attraft  ;  but  that  this  efFeft  becomes 
not  perceptible,  unlefs  they  are  very  great,  and  pau^ 
not  be  perceived  when  they  are  fmall. 

However  great,  for  example,  a  ft  one  may  be,  it 
exercifes  no  fenfible  attraction  on  other  bodies  adja- 
cent to  it,  becaufe  it's  power  is  too  fmall.  But  if  it's 
mafs  were  to  increafe,  and  to  become  many  thou« 
lands  of  times  greater,  it's  effe6l  would,  at  length, 
become  perceptible.  It  has  already  been  remarked, 
that,  from  aftual  obfervation,  it  was  found,  that  a 
Jofty  mountain  in  Peru  had  produced  attraftion^ 
though,  indeed,  in  a  very  finall  degree.  A  moun- 
tain ftiU  greater,  would  produce,  th^efore,  a  mora 
fenfible  attra&ion ;  apd  a  body  much  greater,  fuch 

as 
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as  the  whole  globe,  would  attraft  others  with  a  force 
Jiroportionably  greater;  and  this  force  would  be, 
precifely,  the  gravity  with  which  we  fee  that  they 
are  aftually  impelled  toward  the  earth. 

According  to  this  fyftem,  then,  the  gravity  which 
obliges  all  bodies  to  defcend,  is  nothing  elfe  but  the 
refult  of  the  attraftion  of  the  whole  mafs  of  the 
earth.  If  this  mafs  were  greater,  or  lefs,  the  gravity, 
or  weight,  of  bodies  would  be  proportionably  greater 
or  lefe.  Hence  it  follows,  that  all  the  other  great 
bodies  in  the  tiniverfe,  as  the  fun,  the  planets,  and 
the  moon,  are  endowed  with  a  fimilar  attraftive 
power,  but  greater  or  lefs,  in  proportion  as  they 
themfelves  are  fo. 

As  the  fun  is  many  thoufands  of  times  greater 
thim  the  earth,  his  attractive  power  exceeds  that  of 
the  earth,  fo  many  thoufand  times.  The  mafs  of  the 
moon  is  calculated  to  be  forty  times  lefs  than  that  of 
the  earth :  it  will  follow,  that  her  attraftive  force  is 
fo  many  times  lefs ;  and  the  fame  rule  applies  to  all 
the  heavenly  bodies. 

•    9/A  Seftemba-y  1 760. 
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The  fame  Subjed  continued. 

TN  virtue  of  the  fyflem  of  attraction,  or  univerfal 
gravitatipil,  each  of  the  heavenly  bodies  attraAs 
all  the  reft,  and  is  reciprocally  attrafted  by  them* 

P4  In 
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In  order  to  form  a  judgment  of  the  force  with 
which  thefe  bodies  attrad  the  others,  we  have  only- 
to  confider  two  bodies,  whofe  attra^on  is  mutual. 
And  here  we  muft  attend  to  three  things  ;  firft,  to 
the  body  attrafting;  fecondly,  to  the  body  attracted; 
and,  finally,  to  their  diftance ;  for  on  thefe  three  dr- 
cumftances  the  attraftive  power  depends. 

Let  A  Cplate  ULJlg.  4,)  be  the  attrafting  body,  and 
B  the  body  attraded ;  both  of  them  fpherical,  the 
heavenly  bodies  being  nearly  of  this  figure.  Take 
,  for  their  diftance  that  of  their  centres  A  and  B,  that 
is,  the  ftraight  line  A  B,  *Now,  with  refpe£t  to  the 
mafs  of  the  attracting  body  A,  it  muft  be  remarked, 
that  the  greater  it  is,  the  greater  alfo  will  be  it's 
power  to  attraft  the  body  B,  Confequently,  if  A 
were  twice  as  great  as  B,  this  laft  would  feel  fm  at*, 
traction,  twice  as  powerful,  exercifed  over  it,  by  the 
other ;  if  it  were  three  times  as  great,  the  effeft 
would  be  triple,  and  fo  on,  always  fuppofing  the  dif- 
tance of  their  centre^  to  be  the  fame. 

If,  then,  the  earth  contained  more  or  lefe  matter 
than  it  achially  does,  it  would  attraft  all  adjacent 
bodies,  with  greater  or  lefs  force,  or  their  weight 
would  be  increafed  or  diminilhed.  And,  as  the  earth 
itfelf  is  attrafted  by  the  fun,  the  fame  thirg  might 
be  afl&rmed  as  to  it,  flbould  the  mafp.  of  that  luminary 
happen  to  change.  As  to  the  at  traded  body  B,  fup^ 
pofing  the  attrafting  body  A,  and  the  diftance  A  B, 
to  continue  the  fame,  it  is  to  be  ren^  arked,  that  the 
greater  or  fmaller  it's  mafs  is,  the  greater  or  lefi, 
alfo,  is  the  power  witji  which  it  is  attr^ifted  tOr 
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ward  A.  Thus,  if  the  body  B  were  twice  as  great,  it 
would  be  attraftcd  toward  A,  with  double  the  force ; 
if  three  times  greater,  with  triple  the  force,  and  fo 
on. 

In  order  more  clearly  to  elucidate  this  remark,  we 
have  only  to  fubftitutc  the  earth  in  the  place  of  the 
attrafting  body  A  ;   then  the  force  with  which  the 
body  B  ij3  attraded,  is  nothing  elfe  but  the  weight  of 
that  body.   Now,  it  is  demonflrated,  that  the  greater 
or  finaller  the  body  B  is,  the  greater  or  lefs,  alfo,  is 
it's  gravity ;  hence  it  follows,  that  while  the  attract- 
ing body  A,  and  the  diftance,  A  B  continue  the  fame, 
the  attraction  which  B  feels,  precifely  follows  the  > 
magnitude  of  that  body.     To  exprefs  this  circum- 
ftance,  mathematicians  employ  the  term  proportional ; 
thus  they  fay.  The  body  B  is  atixadled  by  the  body 
A,  with  a  force  proportional  to  it'?  majfe ;  the  mean- 
ing of  which  ij5,  that  if  the  mafs  of  body  B  were  twice, 
thrioe,  or  four  times  greater,  the  attraftive  power 
would  be  precifely  fo  many  times  increafed.     Thus, 
with  refpeft  to  the  attrading  body  A,  they  fay,  that 
the  power  which  it  exercifes  over  the  body  B,  is  pro- 
portional  to  it's  mafs,  fo  long  as  that  of  B,  and  the 
diftance  A  B  cortinue  the  fame. 

I  muft  farther  obferve,  that  when  we  ipeak  of  the 
quantity  of  the  attracting  body  A,  or  of  the  attrafted 
body  B,  we  mean  the  quantity  of  matter  which  each 
contains,  and  not  their  magnitude  merely.  You  ydll 
recoiled:,  that  bodies  differ  confiderably,  in  this  re- 
fye&j  and  that  there  are  fome,  which,  in  a  very  fmall 
((;ompais,  contain  a  great  deal  of  matter,  gold,  for 
'  example, 
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example,  while  others,  fuch  as  air,  contain  very  little 
in  a  great  fpace.  When,  therefore,  we  here  fpeak  of 
bodies,  we  are  always  to  be  underftood  as  referring 
to  the  quantity  of  matter  which  they  contain :  this 
is  what  we  mean  by  their  mafs. 

AH  that  now  remains  is,  to  examine  the  third  cir- 
cumftance,  namely,  the  diftance  A  B  of  the  two 
bodies,  fuppofing  them  to  continue  always  the  fame* 
It  muft  be  obferved,  that  as  the  diftance  A  B  in- 
cres&fes,  the  attraction  diminifhes :  and  that  as  they 
approach  nearer,  it  increafes :  but  in  conformity  to 
a  law,  which  it  is  not  fo  eafy  to  exprefs.  When  the 
diftance  becomes  twice  as  great,  the  force  \^dth  which 
the  body  B  is  attrafted  toward  the  body  A,  will  b6 
twice  two,  or  four  times  lefs ;  and  for  triple  the  dif- 
tance, the  attradioR  becomes  three  times  three,  that 
is  nine  times  lefs.  If  the  diftance  becomes  four  times 
greater,  the  power  of  attraftion  becomes  four  times 
four^  that  is  fixtecn  times  lefi,  and  fo  on.  Finally, 
for  a  diftance  a  hundred  times  greater,  the  power  of 
attraction  will  be  a  hundred  times  a  hundred,  or  ten 
thouiand  times  lefs.  From  this  it  follows,  that  at 
very  great  diftances,  it  muft  become  altogether  im- 
perceptible. And  reciprocally,  when  the  diftance 
•A,  B  it'vcry  fmall,  the  attraction  may  be  very  con- 

loabky  though  the  bodies  may  be  of  no  great  mag^ 
de. 
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The  fame  Subjed  continued. 

I  HAVE  now  demonftrated,  that  when  a  body  B 
is  attrafted  by  a  body  A,  the  power  of  attraftion 
is  proportional  to  the  mafs  of  the  attrafting  body  A, 
and  to  that  of  the  attrafted  body  B ;  but  it  depends, 
to  fuch  a  degree,  on  the  diftance  of  thefe  bodies, 
that  if  it  flionld  become  twice,  thrice,  four  or  five 
times  greater,  the  power  of  attracUon  would  become 
four,  nine,  fixteen,  or  twenty-five  times  lefs. 
.  in  prder  to  afcertain  the  rule  of  thcfe  quantities^ 
wc  nauft  multiply,  into  itfdf,  the  number  which 
inarka  how  many  times  the  diibmce  is  increafed,  an4 
|he  produft  will  fliew  how  many  times  lefs  the  power 
jrf  attradion  has.  become.     To  put  this  rule  in  it'f 
deareft  light,  it  muft  be  obferved,  that  when  we  mul- 
tiply  a  ntunber  into  itfelf,  the  product,  refulting  from , 
it,  is  called  it*s  fquare.    Thus,  to  find  thefe  fquares, 
we  mufl  multiply  the  numbers  by  thcmfelves,  a« 
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It  is  dear,  from  this  laft  example,  that  the  fqxiare 
of  number  12  is  144;  and  if  you  wiOi  to  know  the 
fquare  of  any  number  whatever,  fay  258,  you  muft 
multiply  that  number  by  itfelf,  as  in  the  following 
ieparation : 

258 

258 

2064 
1290 

516 


66564 


From  which  we  fee,  that  the  fquare  of  258  is  665641 
and  the  fquares,  of  all  numbers  whatever,  may  be 
calculated  in  like  manner. 

As  the  diftance  of  bodies,  then,  muft  be  multiplied 
by  itfelf,  it  is  evident,  that  the  power  of  attra<fUon 
diminifties,  as  much  as  the  fquare  of  the  diftance  in- 
creafes :  or,  that  the  fquare  of  the  diftance  becomes 
as  many  times  greater,  as  the  power  of  attraftion  is 
diminiflied. 

In  treating  fubjefts  of  this  nature,  mathematicians 
employ  expreffions,  whofe  fignification  it  is  proper 
you  fliould  know,  becaufe  they  fometimes  occur  in 
the  courfe  of  converfation.  If  the  attractive  power 
increafed  in  proportion  to  the  fquare  of  the  diftance, 
we  would  call  it  proportionally  to  the  fquare  of  the 
diftance ;  but  as  the  direft  contrary  takes  place,  and 
as  the  attraftive  power  diminifties  as  the  fquare  of 
the  diftance  increafes,  we  employ  the  term  recipro^ 

cally^ 
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cally^  to  exprefe  this  contrariety,  faying,  that  XhA 
power  is  reciprocally  proportional  to  the  fquare  of 
the  diftance.*  It  is  a  geometrical  mode  of  expref- 
fion,  the  meaning  of  which  you  perfeftly  compre- 
hend, and  it  refers  to  what  I  have  juft  been  attempt- 
ing to  explain. 

In  order  to  judge  aright  of  the  power  which  one 
body  exercifes  over  another,  you  have  only  to  re* 
mark,  that  this  power  is,  firft  of  all,  proportional  to 
the  mafs  of  the  attracting  body :  then,  to  that  of  the 
body  attrafted ;  and  finally,  reciprocally  to  the  fquare 
of  thejur  diftance.  Hence,  it  is  evident,  that  though 
the  earth,  and  the  other  planets,  are  likewife  attrad- 
cd  toward  the  fixed  ftars,  this  power  muft  be  imper- 
ceptible, on  account  of  their  prodigious  diftance. 

Suppofing,  therefore,  the  mafs  of  a  fixed  ftar  to  be 
equal  to  that  of  the  fun,  at  equal  diftances,  the  earth 
would  be  attraded  toward  it,  with  a  force  as  great  as 
toward  the  fun  j  but  as  the  diftance  of  the  fixed  ftar 
is  400,000  times  greater  than  that  of  the  fun,  the 
fquare  of  this  number  being  160,000,000,000,  that 
is,  a  hundred  and  fixty  thoufand  millions,  the  power 
with  which  it  acts  upon  our  globe,  is  a  hundred  and 
fixty  thouland  millions  of  times  lefe  than  that  of  the 
fun ;  and,  confequently,  too  feeble  to  produce  any 
perceptible  effeft.  For  this  reafon,  the  attraAive 
power  of  the  fixed  flars  does  not  at  all  affed  the 
-garth's  motion,  nor  that  of  the  planets  and  the 

♦  It  is  more  cuftomaiy  to  fay,  that  attradion  is  in  the  dire<9t 
ratio  of  tb<  maifes  of  the  attracting  and  attracted  bodies ;  and  in 
tke  inycrfe  ratio  of  the  fquare  of  their  di(lanee.'-*F«  E. 

moon  J 
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moon ;  but  it  is  that  of  the  fun  which  chiefly  regu« 
lates  their  motions,  becaufe  his  mafe  exceeds  many 
thoufands  of  times  the  mafs  of  each  planet. 

When,  liowevcr,  two  planets  approach,  fo  that 
their  difiance  becomes  Icfs  than  tliat  of  the  fun,  their 
attrafdve  power  increafes,  and  may  become  fuffi- 
dently  perceptible  to  derange  their  motion.  Such 
derangement  has,  in  faft,  been  obferved ;  and  con- 
fiitutes  an  irrefiftible  proof  of  the  fyfteiii  of  univerfid 
gravitation.  Accordingly,  when  a  comet  approaches 
very  near  to  a  planet,  tlie  motion  of  this  latt  may  be 
confiderably  aficcledby  it. 

13/^  HeptemheTj  1 760. 
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Motion  of  the  heavenly  Bodies.     Method  of  determining 
it  by  the  Laws  of  univerfal  Gravitation. 

FROM  what  has  been  faid,  refpefting  the  power 
by  which  all  the  heavenly  bodies  mutually  attrad 
each  other,  proportionally  to  their  mafs  and  difiance, 
\|ftiu  aw  enabled  to  comprehend,  how  their  motions 
my  be  determined,  and  the  real  place  of  each  body, 
tiUKf  given  time,  accurately  afligned. 
J  Ja  this  aftronomy  confiflis  ;  the  objed  of  which  is 
rfk  exad  knowledge  of  the  motions  of  the  heavenly 
bodies,  in  order  to  be  able  to  determine,  for  every 
inftant  of  time,  whether  pafl  or  to  come,  the  pl;ice 
vtich  each  of  them  mvft  be,  and  in  what  place  of 

the 
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the  heavens  it  muft  appear,  whether  viewed  from  the 
earth,  or  any  other  point  whatever  of  the  univerfe. 
The  fcience  which  treats  of  motion  in  general,  is 
named  mechanics^  or  dynamics.     It's  objeft  is  to  de- 
termine the  motion  of  all  bodies  whatever,  animated 
by  whatever  power.     This  fcience  conftitutes  one 
of  the  principal  branches  of  mathematics ;  and  thofc 
who  apply  to  it,  exert  all  their  efforts  to  carry  me-* 
chanics  to  the  higheft  poffible  degree  of  perfedion^ 
The  fubjects  about  which  this  fcience  is  converfant, 
are,  however,  fo  intricate,  that  there  is  hitherto  no 
great  ground  of  boafting  of  our  progrefs  in  the  in- 
veftigation  of  them  ;  and  we  muft  reft  iatisfied  with 
advancing  ftep  by  ftep.     Not  many  years  are  dapfed 
fince  we  began  to  make  any  progrefs  at  all  in  this 
career,  and  what  has  been  done  is  chiefly  to  be  at 
cribed  to  the  academy  of  fciences  at  Paris,  which 
proppfps  annual  prizes  to  the  beft  proficients  in  the 
profecution  of  this  fcience. 

The  greateft  difficulty  arifes  from  the  number  of 
powers  which  z&  upon  the  heavenly  bodies.  If  each 
of  thefe  were  att rafted  toward  only  one  fingle  pointy 
there  would  be  very  little  difficulty  in  the  way  ;  and 
the  great  Newton^  who  died  in  1728,  was  the  firft 
who  ^ve  a  complete  deiTionftration  of  the  motion 
of  two  bodies  which  have  a  mutual  attraftion,  in 
CCMiformity  to  the  law  which  I  have  laid  down.  In 
virtue  of  this  law,  were  the  earth  attrafted  toward 
the  fun  only,  we  fhould  be  a;ble  perfeftly,  without 
rcfeatch,  to  determine  it*s  motion.  The  fame  thing 
would  apjdy  to  the  other  planets,  Saturn,  Jupiter, 
..  ;,  :  Mars, 
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Mars,  Venus,  and  Mercury,  if  tliey  were  attracted 
only  by  the  fun.  But  the  earth  being  attracted,  not ' 
only  by  him,  but  by  all  the  other  heavenly  bodies, 
the  queftion  becomes  infinitely  more  complex  and  . 
difficulty  from  the  great  divcriity  of  powers  to  which 
we  muft  pay  attention.*  You  may  negled^  how- 
ever, the  powers  with  which  it  is  attrafted  toward 
the  fixed  fiars,  becaufe,  however  enormous  thdr 
mafles  may  be,  they  are  fo  prodigioufly  diftant,  that 
the  power  which  they  exercife  upon  the  earth,  may 
be  confidered  as  jufl  nothing* 

The  motion  of  the  earth,  therefore,  and  of  the 
other  planets,  will  always  be  as  perfeftly  the  fame, 
as  if  the  fixed  ftars  did  not  exift.  Excepting,  then^ 
the  power  of  the  fun,  we  have  only  to  confider  the 
power  with  which  the  planets  mutually  attraft  each 
other.  Now,  thefe  powers  are  extremely  fmall,  com- 
pared to  thofe  by  which  each  planet  is  attraAed  to- 
ward the  fun,  becaufe  the  mafs  of  the  fun  is  much 
greater  than  that  of  each  planet. 

As,  however,  thefe  powers  increafe  according  as 
the  diftances  diminiih,  fo  that  a  power  four  times 
greater  correfponds  to  a  diftance  twice  Ids  j  and  a 

*  They  are  ufually  combined  by  three  and  three ;  that  is,  the 
td'c^  relulting  from  the  attra^on  of  two  bodies  upon  a  third  is 
fought.  This  celebrated  problem,  known  by  the  naikie  of  the 
problem  of  three  bodies,  has  been  an  objc<5i  of  the  refearckei  o^ 
all  the  great  geometricians  of  our  age ;  and  though  it  has  hitherto 
been  refolved  only  by  an  approximation  to  the  truth,  the  mod 
fortunate  applications  have,  however,  been  made,  fuch  as  the. 
theory  of  the  moon,  that  of  Jupiter^  of  Saturn,  &c.— P.  £. 

6  power 
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power  nine  tunes  Ids  correfponds  to  a  diftance  three 
times  greater,  and  fo  on,  according  to  the  fquares  of 
the  numbers,  as  I  explained  the  fubjecl  in  the  pre- 
ceding letter,  it  might  be  poflible  for  two  planets 
to  approadi  fp  near^  that  their  attractive  power 
ftoold  become  equal  to  that  of  the  fun^  nay,  greatly 

(CX'CCCCL  It* 

Fortunatdy,  this  never  takes  place  in  our  lyftem, 
and  the  planets  always  remain  at  fuch  a  diftance 
firom  cadi  other,  that  their  attraAive  power  is  ever 
incomparably  fmaller  than  that  of  the  fun.  For  this 
reafim,  without  extending  our  views  beyond  what 
18  thus  certainly  known,  we  may  confider  every 
planet  as  attraded  only  by  thepower  of  the  fun,  and 
by  that  it  is  eafy  to  determine  it's  motion.  Thi^, 
however,  can  take  place,  only' when  we  are  di^pofed 
to  reft  £itisfied  with  a  refult  near  the  truth  5  for  if 
we  wiih  to  have  more  exaft  information,  we  muft 
attend  to  thofe  feebler  powers  vrith  which  the  planets 
ad  upon  each  other ;  powers  which  really  produce 
the  little  *  irregularities  clearly  obferved  by  afirono- 
mers ;  and  to  the  attainment  of  the  perfeA  know* 
ledge  of  thefe,  is  direded  all  the  iagacity  of  both 
afironoiners  and  geometricians, 

jyb  Seftembery  1^69. 
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Syjiem  of  the  Vniverfe. 

the  more  clearly  to  elucidate  what  i  iu^ 
been  advancing,  refpecling  the  motion  of  the 
licavenly  bocjiies,  and  the  powers  which  produce  it, 
^rmit  me  tp  prefent  to  you,  (plate  IV.j^^.  i.).  the 
Xyllcin  of  the  uniyerfe,  or  -a  defcription.  of  t^e  hea- 
venly bodies  which  compofc  it. 

We  muft,  firft  of  all,  obfcrve,  that  the  fixed  ftars 
re  bodies  entirely  fimilar  to  the  fun,  and  luminous 
3f  tliemHves  ;  that  they  are  at  a  very  great  diftance 
rom  that  luminary ;  and  alfo  very  diilant  from  each 
Other,  and  that  every  one  of  them  is,  perhaps,  of 
equal  magnitude  with  the  fun.  You  are  already  In- 
formed, that  the  hxed  ftar  nearcft  to  us,  is  at  leaft 
40C,ooo  times  more  diflant  than  the  fun.  Each  of 
the  fixed  liars  feems  defigned  to  communicate  Jjght 
and  heat,  to  a  certain  number  of  (^>aqu« 
fimilar  to  our  earth,  and,  undoubtedlyi 
likewife,  placed  near  them,  but  which  we  c: 
on  account  of  their  prodigious  diftance. 

Though  it  is  impoflible  to  alcertijn  thi' 
obfervations,  we  muft  concluJ 
logy  to  the  fun,  who  fcrves  to 
nate  the  eartli  and  the  other 
particularly,  fix  of  thefc  bodies 
ftate  of  reft,  but  each  of  t 
in  the  diredion  of  a  c 
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i^Pcma  circle;^  and  which  is  called  tliQ  plw^t's  orbit, 
priie  fun  himfelf  is,  nearly,  in  a  ftate  of  reft,  as  well 
^as  all  the  fixed  ftars ;  the  motion  which  they  appear 
■  to  have,  being  entirely  owing  to  that  of  the  earth. 

I  have,  accordingly,  reprefented  on  the  annexed 
t  Iheet,  what  is  called  the  folar  fyftem,  which  contains 
^  all  the  opaque  bodies  that  move  round  the  fun,  and 
derive  from  him  all  the  benefits  which  he  imparts  to 
•  us..  This  fign  O  ( plat elSf.  Jig.  i.)  reprefents  the  fun 
.  at  reft.  You.  fee,  befides,  fix  concentric  circles,  re- 
prefenting  the  orbits  defcribed  by  the  planet3  in  their 
|.  motion  round  him. 

\       That  neareft  to  the  fun  is  Mercury,  marked  by  the 
•    fign  \l ,  and  the  black  dot  you  fee  in  the  orbit  repre- 
f    fents  the  body  of  Mercury,  who  performs  his  revo- 
lution round  the  fun  in  about  88  days. 

Next  comes  Venus,  marked  by  ?  ,  who  completes 
a  revolution  round  the  fun  in  feven  months  nearly. 
The  third  circle  is  the  orbit  qf  the  earth,  marked 
by  the  fign  t ,  and  which  completes  a  revolution 
round  the  fun  in  a  year,  We  have  no  other  meaur 
ing,  in  truth,  to  the  word  year,  but  the  time  em- 
ployed by  the  earth  in  performing  a  revolution  round 
the  fun ;  and  the  duration  of  the  common  year  nearly 
approaches  to  this  folar  year. 

But  while  the  earth  is  moving  round  the  fun, 

there  is  another  body  moving  round  the  earth,  and 

keeping  the  diredlion  of  it's  orbit ;  this  is  the  moon, 

whofe  own  circle,  or  orbit,  is  marked  by  D  . 

The  two  firft  planets.  Mercury  and  Y^nus,  have 

^  Q2  no 
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no  vifible  bodies  which  attend  them ;  ndther  ha^ 
Mars  9 ,  whidi  is  the  fourth,  and  performs  his  revo- 
hition  in  about  two  years. 

The  fifth  circle  is  the  orbit  of  Jupiter,  marked 
by  11 ,  who  performs  his  revolution  in  twelve  years 
nearly.  Round  him  move  four  fatdlites,  reprefented 
in  the  plate,  with  thdr  orbits^  and  marked  by  the 
figures  I,  2,  3^  4, 

Rnally,  the  fixth  and  laft  circle  is  the  orbit  of  Sa- 
turn, marked  thus,  %  ^  who  employs  almoft  thirty 
years  in  performing  one  revolution  round  the  fiin. 
This  planet  is  attended^  in  his  courfe,  by  five  fatd- 
lites, marked  by  the  figures  i,  2, 3, 4,  5.  Thus,  then, 
the  folar  fyftem  cpnfifk^  of  fi^  primary  {danets^  Mer- 
(Cury  5  5  Venus  ? ,  [the  Earth  i ,  y^s  s  9  Jupiter  2^, 
Saturn  1^ ,  and  ten  fecondary  planets  or  £itellites, 
namely,  the  moon,  the  four  attendants  of  Jupiter, 
and  tHe  five  of  Saturn.f 

*  To  this  ^numeration  muft  noi^ir  be  adde(],  the  plapet  difco* 
yere^  at  Bath  th^  17th  of  March,  1781,  by  Mr.  Herfchel^  and 
faken  at  fjrft  for  a  ppmet.  It  is  more  diftant  from  the  fun  than 
Saturn,  and  it's  orbit  mud  be  reprefented  by  a  feventh  circle, 
circumfcribing  all  the  others.  The  period  of  it's  ^evolution  is 
AoM%  83  years.  Tables  of  it's  motiot^  have  been  cpniiru6^ed, 
which  reprcfent  already  the  obfervatipns  with  an  exa^ei's,  th^t 
annot^nces  the  perfe6^ion  both  of  the  inilruments,  and  of  the  me- 
thod  of  calculation. 

It  is  admitted,  that  this  ftar  ^as  feen  in  1756,  in  the  iponth  of 
September,  by  Mr.  Mayer ^  of  Gottingen ;  but  that  aftronomcr 
look  it  for. a  fixed  flar,  and  having  obferved  it  only  once,  he  could 
pot  afcertain  it*s  motion :  his  determination  agrees  in  other  re- 
fpefts  with  the  place  which  the  tables  afiign  to  the  planet  of  Mr. 

Her/vhelf 
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This  fyftcm  contains,  befides,  feveral  comets,  the 
%umber  of  which  is  unknown.  The  figure  on  the 
plate  reprefents  one  of  them,  whofe  orbit  diflfers  from 
that  of  the  planets,  b^clufe  it  Is  drawn  out  into  ex- 
treme length,  fo  that  a  comet  fometimes  approaches 
very  near  to  the  fun,  and  fometimes  removes  to  fuch 
an  immenfe  diftance,  as  entirely  to  difappear.  Of 
comets  it  has  been  remarked,  that  one  finifhes  his 
revolutions  iii  his  orbit,  in  about  fixty  years ;  this 
is  the  one  that  was  vifible  laft  year*  As  to  the  other 
comets,  it  is  certain,  that  they  employ  feveral  cen- 
turies in  performing  one  revolution  in  their  orbits ; 
and  as,  in  patt  ages,  no  exaft  obfervations  were  made 
of  them^  we  are  totally  in  the  dark  with  refpeft  to 
their  return.  Of  thefe,  then,  confifts  the  folar  fyf- 
tCTi ;  and,  moft  probably,  every  fixed  fiar  has  one 
iimilar  to  it** 

i-jtb  September i  I ^60. 

Berfchel^  for  that  epoch.     It  bears  the  name  of  the  perfon  who 
difcoVered  it. 

The  niean  diftances  of  the  planets  from  the  fun,  may  be  thus 
rcfpcftively  cxpreflcd  :  that  ot  Mercuiy  by  4,  that  of  Yenus  by 
7,  that  of  the  earth  by  10,  that  of  Mars  by  15,  thit  of  Jupiter  by 
52,  that  of  Saturn  by  95,  and,  finally,  that  of  the  planet  HerfcJiel 
(a)  by  191— jP.  E.  . 

♦  Aftronomers  exped  about  1790  the  comet  obfcrved  iu  1531, 
and  in  1 661,  which  they  believe  to  be  the  fame  ftar,  and  the  period 
'of  which  appears  to  be  about  130  years.—/'.  £• 

(^a)  Iq  compliment  to  his  patron,  King  George  III.  Mr.  Herfchel  named  his 
recently  difcovered  planet  Gewgium  SUus.  The  republican  Condcreety  in  con- 
tempt of  Kiogs,  gives  it  the  name  of  the  Difco?erer.— £.  E, 

Q3  LETTER 
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LETTER  LX. 

The  fame  Subje£l  continued. 

IN  addition  to  what  I  have  fidd  refpe&ing  the  folaf 
fyftem,  I  muft  communicate  fome  obfervations 
for  the  explanation  of  the  figures.  And,  firft,  it 
muft  be  remarkeH,  that  the  lines  which  mark  the 
paths  in  which  the  planets  move,  have  no  real  exift* 
ence  in  the  heavens,  as  the  whole  iraincnfity  of  ipace 
in  which  they  move  is  a  vacuum,  or  rather  filled 
with  that  fubtile  matter  which  we  call  the  ether ^  and 
which  I  have  already  fo  often  mentioned. 

Again,  the  orbits  of  the  planets  are  not  all  in  the 
fame  plane,  as  the  figure  prefents  them :  but  if  the 
orbit  which  the  eartli  defcribes  round  the  fun,  is  pro- 
perly rcprefented  on  the  paper,  we  muft  ima^ne  the 
orbits  of  the  five  other  planets  to  be  partly  elevated, 
and  partly  deprefled,  with  reference  to  it ;  or,  that 
the  orbit  of  each  planet  bears  upon  it  an  oblique  di* 
rcdtion,  making  an  interfedion  \nth  the  paper,  under 
a  certaili  angle,  which  it  is  impofEble  to  reprefent  in 
a  figure  drawn  upon  a  plane* 

Farther,  the  orbits  of  the  planets  are  not  circles^ 
as  the  figure  appears  to  indicate,  but  rather  fome* 
what  oval,  one  more,  another  lefs  fo ;  no  one,  how- 
ever, recedes  very  confiderably  from  the  drcular 
form.  The  orbit  of  Venus  is  almoft  a  perfeA  circle ; 
but  thofe  of  the  other  (danets  are  more  or  lefs  ex- 
tended 
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^ded  lengtfawife j  fo  that  thefe  planets  are  fometimes 
nearer  to  the  fun;  fometimes  £ui:her  off. 

The  orbits  of  comets  are  particularly  diftinguifh-* 
dble^  bdng  gzteady  extended  in  length,  as  |  have  re- 
{Nr€f<^ted  it  in  the  figure.  As  to  the  moon,  and  the 
Iktdlites  df  Jupiter  and  Saturn,  their  orbits,  too,  are 
nearly  circular. 

Neither  tnuft  we  conceive  them  as  moving  in  (me 
teid  the  fame  /dire^iouy  as  they  appear  on  the  plane 
irf  the  paper  j  for  they  do  not  remain  in  the  lame 
pbce-,  but  atie  themfelves  carried  round  the  fun  along 
with  the  primary  planet  to  which  they  belong.  It 
is  thus  we  ftiuft  underfiand  the  lines  reprefcAted  in 
the '  figure^  Ima^nation  muil  fupply  what  it  is  im« 
pofiiUe^  on  a  plane  Air&ce,  accurately  to  exhibit. 

You  iire  now  enabled  to  comprehend,  with  eafe, 
what  the  late  Mr.  de  Fontenelle  meant  to  difplay,  in 
his  ^  book  on  the  plurality  of  worlds.  The  earth, 
with  it's  inhabitants,  is  fometimes  denominated  a 
world  J  and  every  planet,  nay,  every  one  of  the  fa- 
tellttes,  has  an  equal  right  to  the  fame  appellation,  it 
being  highly  probable,  that  each  of  thdfe  bodies  is 
inhabited  as  well  as  the  earth. 

There  are  fixteen  worlds,  then,  in  the  folar  fyftem 
alone.  And  every  fixed  ftar  being  a  fun,  round 
which  a  certain  number,  of  planets  perform  their  re- 
^oluticms,  and  of  which  fome  have,  undoubtedly, 
their  fatellites,  we  have  an  almoft  infinite  number  of 
worlds,  fimilar  to  our  earth,  confidering,  that  the 
number  of  ftars,  perceptible  to  the  unafiifted  eye, 

Q  4  exceeds 
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exceeds  Ibme  thou&nds,  and  that  the  tele£cope  dii^ 
covers  to  us  an  incomparably  greater  numbers 

If  it  is  meant  to  comprehend  under  the  nam^  of 
^vorld  the  fun,  with  the  planets  and  thdr  fatelUtds, 
and  which  derive  heat  and  light  from  him>  we  ihaU 
jiave  as  many  worlds  as  there  are  fixed  fiars.  But  if 
by  the  term  worlds  we  underftand  the  earth,  with  all 
the  heavenly  bodies,  or  aU  the  beings  which  were 
•created  at  once,  it  is  clear  that  there  can  be  but  one 
world,  to  which  we  refer  every  thing  that  exifts.  It 
is  in  this  fenfe  the  term  world  is  employed  in  philo* 
fophy,  particularly  in  metaphyfics ;  it  is  in  this  ien& 
we  fay,  that  there  is  but  one  world,  the  aflemUage 
of  all  created  beings,  paft,  as  well  as  prefent,  and  fu* 
turc,  whofe  cxiftence  is  fubjeft  to  general  laws* 

When,  therefore,  philofophers  difpute,  whether 
our  world  is  the  beft  or  not,  they  proceed  on  the 
fuppofition  of  a  plurality  of  worlds  ;  and  fome  main- 
tain, that  the  one  which  exifts,  is  the  beft  of  all  thofe 
which  could  have  exifted.  They  confider  the  Deity 
as  an  architeft,  who,  intending  to  create  this  world, 
traced  feveral  diflferent  plans,  of  which  he  felecled, 
the  beft,  or  that  in  which  the  greateft  perfeftion$ 
were  all  combined,  in  the  higheft  degree,  and  exe- 
cuted it  in  preference  to  all  the  others. 

But  the  great  quantity  of  evil  that  prevails,  and  is 
diffufed  over  the  furface  of  our  globe,  and  which 
flows  from  the  wickednefs  of  man,  fuggefts  ah  im- 
portant enquiry,  namely.  Whether  it  would  have 
been  poffible  to  create  a  world,  wholly  exempted 
from  thefe  evils  ? 

3  ^ 
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In  my  oj^inion,  a  diftiniftion  muft  be  car^fvdly 
made,  between  the  plans  of  a  world,  which,  fhpuld 
contain  c(Hporjeal  fubftances  only,  and  xhoCt  of  an^ 
other  world,  which  fliould  contain  beings  intelligent 
and  free.  In  the  former  caCe,  the  choice  f)f  the  befi, 
would  be  involved  in  very  littiie  diffiei^ty }  Ifat  m 
the  other,  where  beings  intelligent  and  free  cpji^ilute 
the  prmcipal  part  of  the- world,  the  determinatioA 
of  what  is  beft  is  infinitely  beyojad  our  capacity ; 
and  even  the  wickedneis ;  of  free  agents  may  contri- 
bute to  the  perfediop  pf  the  M^orld  in  a  manner 
which  we  are  unable  to  compreheiuL 

it  would  appear,  that. philosophers  haye  not  been 
fuffidently  attentive  to  this  difiin<^n,  however  ef- 
fential  it  may  be.  .  But  I  am-  too  fenfible  of  my  own 
incapacity,  to  enter  any  deeper  .into  this  difficult 
queftion. 
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Small  Irregularities  in  the  'Motions  of  the  Planets^ 
caufed  by  their  htutual  *Atfra£jtion.    ' 


i.  r»;         K  .  .   ■      .  .i 


TN  orifcr  K).:determinfj(  the  amotion  of  the  bodies 
-^  whidh  cpmpofq  thefobctfyftcmjit  is  necefl&ry  to 
diftinguiih  the  primajry  i^^incts,  which  are  Mercury, 
Venus,  the  Earth,  JVtarsif.iijpiter,.and  Saturn,  from 
their  fatellites,  namely,  the  moon,  the  four  fatellites 
of  Jupiter;  and. thd  five  of  :Saturni('/L  ;  .^ 

.  It 


It  has  been  explsdAed  to  you,  that  thefe  fix  planets 
lire  prihcipaUy  attrafted  toward  the  ftih,  or,  that  the 
force  with  which  they  are  itnpdled  toward  him,  is 
incomparably  greatdr,  than  the  pci^wers  wlach  they 
exert  one  upon  anoth^ ^  becaufe  his  mals  k  income 
parably  greater  than  that  6f  the  plan<^8^  and  becauft 
they  nevd^  llK^6iig)^tly  af^oadi  to  each  Other  to 
Irender  their  redpK5cal  attra^on  very  confiderableii 
Were  they  attra<fted  only  toward  the  fiin,  their  mb* 
tion  would  be  {Efficiently  f  egulait,  and  eafily  deter^^ 
minedk  But  the  feebla:  powei^  x^  which  I  have 
been  fpeiaking^  occaficm  £otnt  flight  irt^egidaritics  ill 
their  motionj,  Which  aftlrohomers  are  eager  to  difco- 
ver,  and  which  geometricians  endeavour  to  deters 
mine,  on  the  principles  of  motiicm. 

An  important  queftion  is  here  a^tated,  namely^ 
The  powers  which  ad  iipon  a  body  being  known^  bow  ti 
jind  the  motion  of  that  body  ?  Now,  upon  the  princi- 
ples above  laid  down,  we  ar6  acquainted  With  tht 
powers,  to  the  influeAce  of  which  every  planet  is 
fubjeftedw  Thus  the  motion  of  the  earth  is  fom^* 
what  affefted;  firft,  by  the  attradion  of  Venus, 
which  fometimes  paffes  Vtry  hear  it ;  and,  fecondly, 
by  that  of  Jupiter,  which,  <m  i^ccount  of  the  prodi- 
gious mafs  of  this  plahet,  becomes  cokifiderable, 
though  h^  be  always  at  a  great  difhnce^  The  mais 
of  Mars  is  too  fmaU  to  prodfeice  any  perceptible  effed, 
though  he  is  fometimes  v^  near  us ;  and  Saturn, 
though  his  mafs  be  the  greateft,  next  to  that  of  Ju- 
piter, is  too  diftant. 

The  moon,  though  her  ma&  be  very  (mail,  pro- 
duces. 
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duteS,  however,  fbme  derangement,  from  her  be* 
ing  very  near  the  earth.  The  comet,  which  appears 
ed  laft  year,  was  feven  times  nearer  to  us  than  the 
fiin,  when  hiis  diftance  was  fmalleft ;  there  is  a  gteat 
degree  of  probability,  therefore,  that  it  may  have 
deranged  the  earth^s  motion,  efpeciafly  if  his  mafi 
was  confiderable,  a  circumftance  with  whicth  wd  are 
not  acquainted.  If  this  comet  were  as  great  as  thfc 
earth,  the  efeft  muft  have  been  very  confiderabie  4 
tmt  it's  apparent  fmaUheis  induces  me  to  beUeve, 
that  it's  mafs  is  much  lefs  than  that  of  the  earth, 
»fid,  confequently,  it's  effeft  muft  have  been  propor- 
tionally lefs.  When  we  faw  this  comet,  however,  it 
had  got  to  a  gteat  diftance ;  at  the  time  when  it  was 
neareft,  it  was  invifiHe  to  us,  but  it  muft  have  ap- 
peared very  brilliant  to  our  antipodes. 

What  has  been  faid,  refpefting  the  derangements 
occafioned  in  the  earth*s  motion,  takes  place  Hke- 
wife  in  the  other  planets,  regard  being  had  to  their 
mafs,  and  to  their  proximity.  As  to  the  moon,  and 
the  other  fecondary  planets,  the  principle  of  their 
motion  is  fomewhat  different.  The  moon  is  fo  near 
the  earth,  that  the  attraftion  Ihe  feels  from  hence 
greatly  exceeds  that  of  the  fun,  though  the  mafs  of 
this  luminary  be  many  thoufands  of  times  greater 
than  that  0(f  the  earth*  Hence  it  is,  that  the  niotion 
of  the  moon  follows  that  of  the  earth,  and  that  fhe 
remains,  as  it  were,  attached  to  it,  which  makes  the 
moon  to  be  confidered  as  a  fatellite  to  our  planet* 

Had  the  moon  been  j^aced  much  farther  from  us, 
and  had  fliebeen  attracted  lefs  toward  the  earth  than 

toward 


toward  the  fun,  ihe  would  have  become  a  primary 
planet,  and  performed  her  own  revolutions  round 
the  fun ;  but  Ihe  is  300  times  nearer  to  us  than  fhe 
is  to  the  fun ;  hence  it  is  evident,  that  he  muft  ex^. 
crcife  a  much  fdebkr  influence  upon  her  than  the 
earth  doesi  The  moon  being  principally  attraded 
by  two  bodies,  the  fun  and  the  earth,  it  is  evident 
that  the  determinjation  of  her  motion^  muft  be  much 
more  difficult  than  that  of  th^  primary  planets,  which 
are  fubjedl  to  the  attradion  of  the  fuii  only,  except^ 
ing  the  flight  derangements  which  have  been  men^ 
tioned#  The  motion  of  the  moon  has,  according, 
in  all  ages,  greatly  embarrafled  philofophers  i  and 
nevef  have  they  been  able  to  afcertain,  for  any  fu^ 
ture  given  time,  the  ezad  place  of  the  moon  in  the 
heavens. 

You  perfe<My  comprehend,  that  in  order  to  pre- 
dict an  eclipfe,  whether  of  the  moon  or  of  the  fun, 
we  muft  be  able  accurately  to  afcertwx  the  moon's 
place*  Nowj  in  calculating  eclipfes,  formerly,  there 
was  frequently  a  miftake  of  an  hour  or  more  :  the 
edipfe  a6hially  taking  place  an  hour  earlier  or  later 
than  the  calculation.  Whatever  pains. the  ancient 
afironomers  took  to  determine  the  moon's  motion, 
they  were  always  very  wide  of  the  truth.  It  was 
not  till  the  great  Newton  difcovered  the  real  powers 
which  aft  upon  the  moon,  that  we  began  to  approach 
nearer  and  nearer  to  truth,  after  having  furmounted 
many  obftacles  which  retarded  our  progrefs. 

I  too  have  employed  much  time  and  attention  on 
the  fubjeft  j  and  Mr.  Meyer^  of  Gottingen,  purfuing 

the 
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the  track  'which  I  had  opened,  has  arrived  at  a  dcr 
gree  of  prediion,  beyond  which  it  is  perhaps  impo& 
fible  to  go.  Not  much  more,  then,  than  ten  years 
have  elapfed  fince  we  could  boail  !of  any  thing  like 
accurate  knowledge  of  the  moon's  motion.  Since 
Ihat  jtime  we  are  able  to  calculate  edipfes  fo  exaftiy, 
a$  Slot  tp  make  the  miftake  of  a  fin^e  minute, 
whereas,  before,  there  was  frequently  the  difference 
of  e^t  minutes,  and  more.  To  analyfis,  then,  we 
are  indebted  fof  this  important  difcoyery,  the  fource 
of  unfpeakable  advantages,  not  to  the  aftronomer 
only,  but  likewife  to  the  geographer,  and  the  iiayi- 

gator. 
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Defcription  of  the  Flu9c  and  Reflux  of  the  Sea? 

THE  itttraftive  power  of  the  heavenly  bodies  ex?? 
tends,  not  only  to  the  mafs  of  the  earth,  but 
to  all  the  parts  of  which  it  is  compofed.  Thus  all 
the  bocUes,  which  we  fee  on  the  furface  of  the  earth, 
are  attrafted,  not  only  toward  the  earth  itfeflf,  from 
which  refutes  their  gravity,  and  the  weight  of  every 
one  in  particular,  but,  likewife,  toward  the  fun,  and 
toward  all  the  other  heavenly  bodied,  and  that  more 
or  lefs,  according  to  the  mais  of  thefe  bodies  and 
their  diftance. 
Now,  it  is  evident,  that  the  force  with  wliich  a 

body. 
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body,  fay  a  ftone,  is  attraded  toward  the  eafth,  muft 
be  <  incomparably  greater  than  that  with  whifix  the 
£t|ne  body  is  attraded  toward  the  fun,  the  other 
planets,  and  the  moon,  becaufe  of  their  great  dif- 
taiK:e«  Such  2^  body,  being  at  a  diftaace  froqi^  th^ 
.centre  of  the  earth,  equal  to  a  radius  of  this  g^ob^ 
is  60  times  further  from  the  moon.  Though,  theq» 
the  ma&  qf  the  moon  were  tt^usU  to  that  erf  the 
earth,  the  attraction  toward  the  moqu  would  be  6q 
times  60,  (hat  is  3606  ^es  leis  than  the  attra^on 
toward  the  earth,  or,  the  gravity  of  the  body.  But^ 
the  mais  pf  the  mopn  is  about  70  times  leis  th^jji 
that  of  the  earth ;  hence  the  attractive  power  of  the 
,moon  becomes,  ftill  70  times  3600,  that  ia,  252,000 
times  lefe  than  the  gravity  of  t^e  body. 

Again,  thpugh  the  fun  be  many  thoufands  of  times 
greater  than  the  earth,  he  \s  about  24,000  times 
more  diftant  from  us,  than  the  centre  of  the  earth ; 
and  for  this  reafon,  the  attraftion  of  the  fun  upon  a 
ftonq  is  extremely  fmall,  compared  to  it's  gravity.. 
Hence  you  fee,  that  the  gravity  pf  terreftrial  bodies^ 
which  is  nothing  dfe  but  the  force  with  which  they 
are  attracted  toward  the  earth,  cannot  b^  perceptibly 
affefted  by  the  attraftion  of  the  heavenly  bodies. 

Though  this  attraction,  however,  be  ye^y  inconfi-; 
derable,  there  refults  from  it  a  remarkable  phejnome* 
non,  which  long  puzzled  philofophers ;  I  mean  the 
flux  and  the  reflux  of  the  fea.  It  occurs  fo  fire- 
quently,  even  in  common  converfation,  that  it  is  al- 
mofl  a  matter  of  neceflity  to  underfliand  it.  For  this 
reafon,  I  propofe  to  explain  more  minutely,  this  An- 
gular 
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glihr  phMK>menoni»  and  to  unfold  the  caxifes  which 
produce  it. 

I  be^9  l^hen,  with  the  defcription  of  the  welt 

known  phenomenon,  of  thcjlux  and  refiux  of  the  fea. 

Hardly  any  one  is  ignorant,  that  by  far  the  greateft 

.pwt  of  the  furface  pf  puf  ^ble  is  covered  with  a 

.ma&  pf  water,  called  the  Sea.  pr  the  Ocean*    This 

Jiimi^ii^  fluid  mais  19  very  different  from  rivors  and 

Jl^Jces^  whfchy  actxnrding  tp  the  different  feafons  of 

th^  year,  cpntain  fometilnes  lefs  water,  fometimes 

mor^,  whereas^  in  the  fea,  the  quantity  pf  "s^^ter,  at 

:  sJl  times,  continues  nearly  the  iknqie.    It  is,  however, 

.phfen^d,  that  the  wat^  of  the  fea  rifes  and  falls  al* 

terpately,  with  wonderfiol  regularity,  twice  every 

twenty-four  hours. 

11^  foriaftance,  in  A  harbour,  the  wat^r  is  now  at 
it's  greatefl  height,  it  will  prefently  begin  to  fubiide, 
and  this  decreafe  continues  for  fix  hours,  at  the  end 
,of  which,  it's  dq>th  will  be  at  the  lowefi.  It  then 
begins  again  to  rife,  and  the  increafe,  likewife,  lails 
^fix  hour8,^hen  it  is  again  at  it's  greateft  depth.  It 
immediately  begins  again  to  fall  for  fix  hours,  and 
then  xiiies  as  man]^,  fb  that  in  the  fpace  of  about  24 
.hours,  the  water  rifes  and  falls  twice ;  and  arrives, 
alternately,  at  it's  greateft  and  leaft  depth. 

It  is  this  alternate  increafe,  and  diminution  of  the 
welter  of  the  fea,  which  we  call  ix,*sjlux  and  rejlux^  or 
Jt's  flowing  and  ebbing:  and  more  particularly,  the 
flux  denotes  the  time,  during  which  it  encreafes  or 
rifesi  and  the  reflux,  the  time  of  it's  decreafe  or  fill- 
ing.   The  flux  and  reflux  together,  likewife,  go  by 

the 
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the  name  of  tide.  This  alternation,  then,  is  to  be 
the  fubjed  of  our  prcfent  difquifition. 

It  is,  fiift  of  all,  to  be  remarked,  that  the  <Bffi> 
rence  between  rifing  and  falling,  keefys  pace  with  the 
variations  of  the -moon.  At  full,  and  new  mocMi, 
the  water  tifes  higher  ihta  at  the  qiiarters :  and 
about  the  tln^  of  the  vernaJ^  and  autumnal  ^ul* 
noxes,  in  the  months  of  Mardi  and  September,  this 
alternate  motion  of  the  lea^is  ihoft  confi4^1>le«  **  A 
great  difference  is,  likewlfe,  observed,  ^cording  to 
the  fituation  of  the  jcoaftis.  Hie  fliix,^in  ibnte  ^acei, 
Ss  never  mott  than  a  few  feet,  whiles  m  others,  the 
rife  is  40  feet  and  ufywards*  Such'  are  the  tides  in 
the  ports  of  St.  Mab^in  France^  and  of  JBri/1^9  in 
England 

It  is  farther  to  be  remarked,  tiiat  this  phenomenon 
Is  perceptible,  chiefly,  in  the  ocean,  where  thtte  is  a 
vafl  extent  of  water,  and  that  in  feas  bounded  and 
confined,  fuch  as  the  Baltic,  and  the  Mediterranean, 
it  is  much  lefs  confiderable.  The  interval,  from  the 
flux  to  the  dicceeding  reflux,  is  not  exadly  fix  hours, 
but  about  1 1  minutes  more ;  fo  that  the  fame  changes 
do  not  take  place,  the  day  after,  at  the  £une  hour, 
but  fall  out  about  three  quarters  of  an  hour  later : 
fo  that  a  revolution  of  30  days  is  requ}fite,  to  bring 
them  round  to  the  fkme  hour ;  now,  this  is  prediely 
the  period  of  one  revolution  of  the  moon,  or  the 
interval,  between  one  new  pioon,  and  that  whidi 
immediately  follows, 

zbtb  Sfptfmlery  1 760, 
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LETTER  LXm. 

Different  Opinions  of  Philofophers  refpeding  the  Fluii 

and  Reflux  of  the  Sea. 

TX  THEN  the  water  of  the  fea  rifes  at  any  place,  we 
are  not  to  imagine  that  it  fwells  from  any  in- 
ternal caufe,  as  milk  does  when  put  in  a  veffel  upon 
the  fire.  The  elevation  of  the  fea  is  produced  by  a 
real  increafe  of  water  flowinor  hither  from  fome  other 
place.  It  is  a  real  current  which  is  very  perceptible 
at  fea,  conveying  the  waters  toward  the  place  wh6re 
the  flux  is. 

In  order  to  have  a  clearer  comprehenfion  of  this, 
you  mull  confider  that  in  the  vaft  extent  of  the  ocean 
there  are  always  places  where  the  water  is  low,  while 
it  is  high  at  others ;  and  that  it  is  conveyed  from 
the  former  to  the  latter.  When  the  water  rifes  at 
any  place,  there  is  always  a  current,  conveying  it 
from  other  places,  where  it  is  of  courfe  at  that  time 
low*.  It  is  an  error,  therefore,  to  imagine,  with  fome 
authors,  that  during  the  fiux  of  the  fea  the  total  mafs 
of  water  becomes  greater,  and  that  it  diminifiies  dur- 
ing the  reflux.  The  entire  mafs  or  bulk  of  water  re- 
mains ever  the  fame ;  but  it  is  fubjecl  to  a  perpetual 
ofcillation,  by  which  the  water  is  alternately  tranf- 
ported  from  certain  regions  to  others  ;  and  when  the 
water  is  high  at  any  place,  it  is  of  courfe  low  fome- 
where  elfe,  fo  that  the  increafe  at  places  where  it  is 

Vol.  L  R  high 
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high  is  prccifely  equal  to  the  decreafe  at  thofe  where 
it  is  low. 

Such  are  the  phenomena  of  the  flux  and  reflux  of 
the  fea,  the  caufe  of  which  ancient  philofophers  endea- 
voured to  difcover,  but  in  vain.  Kepler^  in  other 
refpefts  a  great  aftronomer,  and  the  ornament  of 
Germany,  believed  that  the  earth,  as  well  as  all  the 
heavenly  bodies,  was  a  real  living  animal,  and  con- 
fidered  the  flux  and  reflux  of  the  fea  as  the  effeft  of 
it's  refpiration.  According  to  this  philofopher,  men 
and  beaflis  were  juft  like  infects  feeding  on  the  back 
of  the  huge  animal.  You  will  hardly  expert  I  (hould 
go  into  the  refutation  of  an  opinion  fo  ridiculous. 

Defcartes^  that  great  French  philofopher,  endea- 
voured to  introduce  a  more  rational  philofophy; 
and  remarked,  that  the  flux  and  reflux  of  the  fea 
was  principally  regulated  by  the  moon's  motion; 
which  was  indeed  a  very  important  difcovery,  though 
the  ancients  had  already  fufpefted  a  conned:ion  be- 
tween thefe  two  phenomenal.  For  if  high  water  or 
the  top  of  the  flux  happen  to-day  at  noon,  it  will  be 
low  water  at  1 1  minutes  after  fix  in  the  evening :  it 
will  rife  till  22  minutes  after  midnight;  and  the 
next  low  water  will  be  33  minutes  after  fix  in  the 
morning  of  the  day  after ;  and  the  enfuing  high 
water,  or  flux,  will  be  three  quarters  of  an  hour 
after  noon :  fo  that  ft'om  one  day  to  another  the 
£une  tides  are  later  by  three  quarters  of  an  hour. 

And  as  the  fame  thing  precifely  takes  place  in  the 
moon's  motion,  which  rifes  always  three  quarters  of 

an 


OF  THE  SEA.  ^43 

an  hour  later  than  the  precedhig  day,  it  was  pre^ 
{iimable  that  the  tides  followed  the  courfe  of  the 
moon.  If  at  any  ^ven  place,  for  example,  on  the 
day  of  new  moon,  high  water  happen  to  be  at  three 
of  the  clock,  afternoon,  you  could  reft  aflured,  that 
ever  after^  on  the  firft  day  of  the  moon,  the  flux 
would  invariably  be  at  the  height  at  three  o'dock  af- 
temoon,  and  that  every  following  day  it  would  fall 
later  by  three  quarters  of  an  hour. 
.  Again,  not  only  the  time  when  every  flux  and 
reflux  happen  exadly  follows  the  moon,  but  the 
firength  of  the  tides,  which  is  variable,  appears  ftiU 
to  depend  on  the  pofition  of  the  moon.  They  are 
every  where  ftronger  after  the  new  and  full  moon, 
that  is,  at  thefe  periods  the  elevation  of  the  water  is 
greater  than  at  other  times ;  and  after  the  firft  and 
laft  quarters,  the  elevation  of  the  water,  during  the 
flux,  is  imaller.  This  wonderful  harmony  between 
the  tides,  and  the  motion  of  the  moon,  was,  un- 
doubtedly, fufficient  ground  to  conclude,  that  the 
chief  cauie  of  the  flux  and  reflux  of  the  fea  was  to 
be  ibught  for  in  the  adion  of  the  moon. 

Defcartes  accordingly  believed,  that  the  moon,  in 
pafluig  over  us,  prefled  the  atmofphere,  or  the  air 
which  flutounds  the  earth,  and  that  the  air  prefiing 
<Hi  the. water,  in  it's  turn,  forced  it  to  fubfide.  Had 
this  been  the  cafe,  the  water  muft  have  been  depref- 
fisd  at  the  places  over  which  the  moon  was,  and  that 
the  lame  efieft  fhould  be  produced  1 2  hours  after, 
in  the  enfuing  tide ;  which,  however,  does  not  hap- 
pen.  Belides  the  moon  is  too  diibnt  from  the  earth, 
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and  the  atmofphere  too  low  to  be  impreffed  by  the 
moon ;  and  admitting  that  the  moon,  or  any  other 
great  body,  were  to  pafs  along  the  atmofphere,  it 
would  be  very  far  from  undergoing  any  preflure 
from  it,  and  ftiU  lefs  would  the  fca  feel  this  pretended 
preffure.        . 

This  attempt  of  Def cartes  to  explain  the  flux  and 
reflux  of  tjtie  fea,  has  therefore  failed ;  bdt  the  con- 
neclioh  of  tliis  phenomenon  with  the  moon's  mo- 
tion, which  this  philofopher  has.  fo  clearly  unfolded, 
enabled  his  fucceflbrs  to  employ  the  application  of 
their  refearches  with  more  fucceis.  This  AkiII  be  the 
fubjeft  of  fome  following  letters. 

^Qtb  September^  \*](>0*  ' 
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LETTER   LXIV. 

Explanation  of  the  Flux  and  Refux^  from  the  attraWve 

Power  of  the  Moon. 

T^ESCARTES's  method  of  explaming  the  flux 
-'^  and  reflux  of  the  fea,  by  the  preflujre  of  the 
moon  upon  our  atmofphere,,  not  having  fucceeded, 
it  was  re!lfonable  to  look  for  the  caufe  of  it  in  the 
attraftion  which  the  moon  exercifes  upon  the  earth, 
;^ld  confequently  Wo  upon  the  fea. 

The  attraftive  power  of  the  heavenly  bodies  hav- 
ing been  already  fufficiently  eftabliftied,  by  fo  many 
other  phenomena,  as  I  have  fliewn,  it  could  not  be 
doubted  that  the  fluii  and  reBux  of  the  fea  muft  be 

an 
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an  effeft  of  It.  As  foon  as  it  is  demonftrated  that 
the  moon,  as  well  as  the  other  heavenly  bodies,  is 
endowed- with  the  property  of  attracting  all  bodies* 
in  the  direft  ratio  of  their  mafs,  and  in  the  inverfe 
ratio  of  the  Square  of  their  diilance,  it  is  ealily  com- 
prehended that  it's  adion  nxull  extend  to  the  fea ; 
and  the  more  fo,  as  you  muft  frequently  have  ob- 
Curved,  that  the  fmalleft  force  is  capable  of  agitating 
a  fluid.  All  that  remains,  therefore,  is  to  enquire, 
whether  the  attractive  power  of  the  moon,  fuch  as 
we  fuppofe  it,  is  capable  of  producing  in  the  iea  the 
agitation  known  to  us  by  the  name  of  flux  and  re^ 
flux. 

Let  the  annexed  figure  (plate  III.  fg.  5.)  reprefent 
the  earth  and  the  moon.  A  is  the  place  where  we 
fee  the  moon  over  the  earth ;  B  that  which  is  di- 
re6Uy  oppofite,  or*  the  antipodes  of  A ;'  and  G  is  the 
centre  of  the  earth.  As  the  poiijt  A  is  nearer  the 
moon  than  the  point  B,  a  body  at  A  is  more  power- 
fully attrafted  toward  the  moon  than  a  fimilar  body 
at  B.     And  if  we  fuppofe  a  third  fimilar  body  to  be 
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placed-  at  the  centre  of  the  earth  C,  it  is  evident  that 
the  body  A  will  be  more  powerfully  attra6ted  toward 
the  moon  than  the  body  C,  and  this  lafl:  than  the 
body  B,  becaufe  the  body  A  is  nearer  to  the  moon, 
and  the  body  B  more  remote  than  the  body  C  But 
fimitei*  bodies  placed  at  E  ai;id  F^  syre  almoft  as  much 
attrafted  by  the  liiodh  as  thatwhichvis  at  the  centre 
of  the  earth  C,  as  they  are  all  three  nfcariy  ecjui-diff 
tant  fiPonl  thfi  mooiw '  '■ .  iv 
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the  earth  are  not  all  equally  attraAed  toward  the 
moon.  This  mequality  of  attraction  depends  on  th^ 
inequality  of  their  diftance  from  the  centre  of  the 
moon  L9  fo  that  a  body  is  fo  much  the  more  power- 
fully attracted  by  the  moon,  as  it's  diflance  is  lefs  } 
and  the  contrary  takes  place  according  as  the  dis- 
tance is  greater. 

To  theie  differences  in  the  adtion  of  the  moon  pn 
bodies  di&rently  fituated,  we  mufi:  here  chiefly  pay 
attention ;  for  if  all  bodies  were  equally  attraCleci 
toward  the  moon,  they  would  equally  obey  this 
power,  and  no  derangement  could  take  place  in  their 
mutual  fituation. 

Tou  can  cafily  form  the  idea  of  feveral  carriages 
drawn  along  by  powers  perfeCUy  equal  j  they  will 
proceed  on  the  road,  always  preferving  the  iame  or- 
der, and  the  &me  diftances ;  but  as  foon  as  fome  of 
them  advance  more  brilkly,  and  others  more  flowly, 
the  order  will  be  deranged.  The  fame  thing  takes 
place  in  the  cafe  of  the  different  bodies  which  are  at- 
trafted  by  the  moon ;  if  they  all  felt,  in  the  fame 
degree,  the  aftion  of  that  luminary,  they  would  pte- 
ferve  the  fame  relative  fituktion,  and  we  fhould  per- 
ceive no  change  in  them :  but  as  foon  as  the  force 
with  which  they  are  attracted  toward  the  moon  va^ 
ries  as  to  each  of  them,  their  order  and  their  relative 
fituation  necefiarily  change,  unlefs  they  are  attached 
to  each  other  by  bands  which  that  power  is  unable 
to  burfl:  afunder. 

But  this  is  not  the  cafe  with  the  fea,  as  all  the  par- 
tides  of  a  fluid  are  eaflly  Separated  from.^dch  other^^ 

and 
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and  every  one  may  obey  the  impreffions  which  it  re- 
ceives. It  is  evident,  then,  that  when  the  powers 
which  aft  on  the  diflferent  parts  of  the  fea  are  not 
equal  to  one  another,  an  agitation,  or  derangement^ 
muft  be  the  confequence. 

We  have  juft  feen  that  the  diflferent  parts  of  ihi6 
fea  are  attrafted  unequally  by  the  moon,  according 
28  they  are  unequally  diftant  from  her  centre ;  the 
fea  muft,  therefore,  be  agitated  by  the  force  of  the 
moon,  which,  continually  changing  her  fituation, 
with  re^ft  to  the  earth,  and  performing  a  revolu^ 
tion  round  it  in  about  twenty-four  hours  and  three 
quarters,  makes  the  fea  undergo  the  fame  changes, 
and  prefents  the  fame  phenomena  in  the  fame  period 
erf  twenty-four  hours  and  three  quarters ;  the  flux 
and  reflux  muft,  therefore,  be  retarded  from  one  day 
to  another  three  quarters  of  an  hour,  which  is  con* 
firmed  by  confbnt  experience. 

It  now  remains  thai  we  fhew.  How  the  alternate 
elevation  and  depreflion  of  the  fea,  which  fucceed 
each  other  after  an  interval  of  fix  hours  and  eleven 
minutes,  refult  from  the  inequality  of  the  powers  of 
the  moon.  This  I  propofe  to  examine  in  my  next 
letten 

^b  OShheTf  1760, 
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LETTER  LXV. 

The  fame  SubjeSl  continued. 

YOU  have  feen  that  the  moon  caufes  no  altera* 
tion  in  the  ftate  of  the  earth,  but  in  fo  far  as 
flie  afts  unequally  on  it's  different  parts.  The  reafon 
of  it  is,  that  if  all  it's  parts  equally  felt  the  fame  ac- 
tion, they  would  be  equally  attrafted,  and  no  change 
in  their  relative  fituation  would  refult  from  it. 

But  a  body  being  at  A  (plate  III.  Jig.  5.)  neairer 
the  moon  than  the  centre  of  the  earth  C,  is  more 
powerfully  attrafted  to  it  than  a  body  at  C  would 
be :  it  will  approach  it,  then,  with  greater  velocity 
than  this  laft :  from  hence  it  neceffarily  follows, 
that  the  bQ4y  A  retires  from  the  centre  C,  and  ap- 
proaches the  moon :  as  if  there  were  two  chariots, 
the  one  at  A,  the  other  at  C,  and  if  the  chariot  A 
were  drawn  toward  L  with  greater  force  than  the 
chariot  C,  it  would  remove  from  C.  It  is  thus  that 
the  power  of  the  moon  has  a  tendency  to  withdraw 
the  point  A  from  the  centre  C. 

Now  to  remove  a  body  from  the  centre  of  the 
earth  is  to  raife  it :  and  the  water  at  A  being  npw 
the  thing  in  qucftion,  it  is  certain  that  the  force  of 
the  moon  tends  to  raife  the  water  which  is  at  A,  by 
a  power  equal  -to  the  excefs  of  the  attraftion  toward 
the  moon  felt  at  A,  above  that  felt  at  C.  By  this 
power,  then,  the  moon  raifes  the  waters  of  the  earth 
which  are  immediately  under  her, 

Let 
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.  Let  us  now,  likewife,  attend  to  a  body  at  B,  di- 
reftly  oppofite  to  the  point  A ;  the  centre  of  the 
earth  C,  more  powerfully  attrafted  by  the  'moon 
than  the  point  B,  will  approach  nearer  to  it,  and 
this  laft,  fo  to  fpcak,  will  remain  behind,  juft  as  a 
chariot,  which  was  drawn  more  flowly  than  that 
which  precedes  it.  The  point  B  will  confequently 
remove  from  the  centre  C,  and  rife ;  for  to  remove 
from  the  centre  of  the  earth,  and  to  rife,  is  one  and 
the  fame  thing. 

-  It  is  evident,  therefore,  that  the  power  of  the 
moon  tends  to  raife  the  waters,  not  only  at  A,  but 
likewife  at  B,  the  point  diariletrically  oppofite,  and 
that  by  a  force  equal  to  the  difference  of  the  attrac- 
tion of  the  moon  at  B  and  at  C,  which  is  lefs  at  B 
than  at  C.  Now,  thofe  who  are  at  A,  have  the  moon 
dire6Uy  above  them,  or  in  their  zenith  ;  and  thofc 
who  are  at  B  fee  nothing  of  the  moon,  becaufe  fhe 
is  then  .in  a  point  of  the  heavens  diametrically  oppo- 
fite to  their  zenith,  called  Nadir. 

Hence  it  appears,  that  at  whatever  part  of  the  fea 
it  may  be,  the  water  muft  rife  equally  when  the  moon 
is  in  the  zenith  of  that  place,  and  iii  it's  nadir,  or,^ 
when  the  moon  is  at  it's  greateft  elevation  above  the 
horizon,  or  at  it's  greateft '  depreffion  under  it.  At 
the  intermediate  periods,  when  the  moon  is  in  the 
horizon,  either  riling  or  fetting,  flie  exercifes  no 
power  capable  of  raifing  the  fea"^  a  fmall  contrary 
power  tends  even  to  make  it  fall. 

According  to  this  fyftem,  at  the  place  of  the  fea, 
^here  the  moon  is  in  the  zenith,  it's  power  has  a 

tendency 
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tcndenqr  to  raife  the  waters ;  about  fix  hours  after, 
when  ihe  has  reached  the  horizon,  her  power  has  a 
tendency  to  make  them  fell.  Twelve  hours  and 
twenty-two  minutes  after,  the  moon  being  then  at 
the  point  moft  diftant,  under  the  horizon,  flie  exer- 
dies  the  £ime  power  to  raife  the  water ;  and  at  the 
end  of  eighteen  hours,  thirty-three  minutes,  when 
ihe  has  got  to  the  oppofite  horizon^  the  waters  are 
fallen :  till  at  length,  twenty-four  hours  and  forty- 
five  minutes  fi^om  the  firfi:  period,  flie  returns  to  the 
zenith,  raifing  the  water  as  on  the  preceding  day : 
and  this  is  confirmed  by  uniform  experience. 

This  alternate  elevation  and  depreifion  of  the  fea^ 
at  intervals  of  fix  hours  and  dcven  minutes^  having 
fuch  a  perfeft  conformity  with  the  moon,  leaves  us 
no  room  to  doubt  that  the  flux  and  reflux  of  the  fea 
are  caufed  by  the  attradlive  power  of  the  m,oon. 

It  is  a  remarkable  circumftance  that  flie  afts  equally 
on  the  fea,  in  raifing  it,  whether  flie  is  at  her  greatefl; 
height  above  the  horizon,  or  at  the  moft  diflant 
point  under  it.  This  appeared  at  firft  very  ftrange 
to  philofophers,  who  imagined  that  the  moon  muft 
produce,  under  the  horizon,  an  efFeci*  contrary  to 
that  which  flie  produces  when  in  the  zenith.  But 
you  fee  clearly  that  the  moon  produces  the  fame  ef- 
feft  in  thefe  two  diametrically  oppofite  pofitions,  as 
I  have  demonftrated  in  the  figure  above  referred  to, 
that  the  effed  of  the  moon  is  the  fame  at  A  and  at  B, 

7/^  O^Iaher^  1760. 


LETTER 


OV  TH?  SEA.  051 


LETTER  LXVI. 

Tie  fame  SubjeSl  continued. 

FROM  what  has  been  faid  refpecling  the  flux  and 
reflux  of  the  fea,  you  muft  be  fenfible  that  the 
fyftem  of  Newton^  which  I  have  adopted,  is  direfiiy 
contrary  to  that  of  Defcartes.  According  to  this  lafl:^ 
the  moon  exercifes  a  prefiure,  and  the  fea  muft  fub« 
fide  at  places  fituated  diredly  under  her ;  but,  ac- 
cording to  Newton^  flie  afts  by  ^ttraftion,  and  forces 
the  water  to  rife  at  thefe  very  places. 

Experience,  then,  muft  determine  which  of  thefe 
two  fyftems  is  to  be  received.  No  more  is  neceflary 
than  to  confult  the  obfervations  made  with  relpeft 
to  the  ocean,  in  order  to  fee  whether  the  water  rifei 
or  falls  when  the  moon  is  in  the  zenith.  Recourfe 
has  achially  been  had  to  this ;  but  it  is  found  that 
when  the  moon  is  at  either  the  zenith,  or  nadir,  of 
a  given  place,  the  water  there  is  neither  high  nor 
low ;  and  that  high  water  does  not  take  place  till 
fome  hours  after  the  mpon  has  paiTed  the  zenith^ 

From  this  circumftance,  perfons  who  examine 
things  fuperficially,  concluded  at  once,  that  neither 
of  the  yfyftems  was  admiflible ;  and  the  Cartefians 
have  taken  advantage  from  it,  preiuming,  that  if 
Newton^s  was  rejected,  that  of  Defcartes  muft  necef- 
ikrily  be  adopted,  though  the  obfervations  referred 
to  are  as  contrary  to  the  fyftem  of  Defcartes  as  they 
a]!|)ear  to  be  to  that  of  Newton. 

But 
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But  the  fyftcm  of  Defcartes  is  overturned  by  this 
fingle  phenomenon,  that  the  fca  is  always  in  the  fame 
ftate  after  a  period  of  twelve  hours  and  twenty-two 
minutes,  or  that  it's  ftate  is  always  the  fame,  whe- 
ther the  moon  be  above  or  below  the  horizon  ;  and 
it  is  impojQSble  for  it's  fupporters  to  fhew  how  the 
moon,  being  over  the  heads  of  our  antipodes,  can 
produce  the  £ame  effect  as  when  flie  is  over  ours.. 
To  tliis  purpofe,  fee  plate  III.^^-  6. 

Experience  proves  that  the  ftate  of  the  water  at 
A  is  the  fame,  whether  the  moon  be  at  M,  the  ze- 
nith of  the  'point  A,  or  at  N,  it's  nadir,  which  is 
confequently  the  zenith  oi  the  antipodes  at  B.  The 
effect,  of  the  moon,  then,  on  the^water  at  A,  is  the 
fame  in  both  cafes.  But  if  the  moon  acted  by  pref- 
fure,  according  to  Defcartes^  it  would  follow,  that 
when  the  moon  is  at  M,  the  water  at  A  muft  fall ; 
and  if  flic  were  at  N,  it  is  impoffible  that  the  water 
at  A  fliould  undergo  the  fame  preffure. 

In  the  fyftcm  of  attraction,  on  the- contrarj'',  it  is 
incouteftably  certain,  that  the  action  of  the  moon 
muft  be  nearly  the  fame,  whether  that  luminary  be 
at  M  or  at  N  j  and  this  is  demonftrated  by  actual  obi 
fervation. 

I  muft  here  repeat  a  preceding  explanation,  becaufe 
it  is  a  matter  of  the  utmoft  importance.  When  the 
moon  is  at  M,  the  point  A  is  nearer  it  than  the 
centre  C  ;  it  is,  therefore,  more  powerfully  attracted, 
than  the  centre ;  the  point.  A  will  remove  from  the 
centre, .  confec^uentiy  it  will  then  rife :  the  mooa- 
being  at  M,  has  a  tendency  to .  r-aife.  .th^  water -at  A.. 

Let 
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Let  us  now  fee  what  efiecl  the  moon,  being  at  N, 
will  produce,  whn'c  (he  iirrives  in  twelve  hours  and 
twenty-two  minutes  after  fhe  was  at  M.  As  the 
"point  A  is  more  diftant .  from  the  moon  at  N  than  . 
the  centre  C,  it  will  be  more  feebly  attrafted ;  the 
centre*G  will  advance  with  greater  velocity  toward 
N,  than  the  point  A  j  the  diftance  A  C  will  accord- 
ingly become  greater ;  the  point  A  will,  therefore, 
be  more  diftant  from  the  centre  C.  But'  to  be  more 
diftant  from  the  centre  of  the  earth  is  to  rife,  confe- 
quently  the  moon  being  at  N,  makes  the  point  A  to 
adfoend,  that  is,  flie  has  a  tendency  to  raife  the  water 
at  A,  as  if  the  moon  were  at  M. 

But  here  experience  prefents  a  very  formidable  ob- 
jeftion;  for  it  is  obferved,  that  the  moon  being  at 
M,  or  at  N,  the  water  is  not  then  at  it's  greateft  ele- 
vation at  A,  This  does  not  take  place  till  a  confider- 
able  time  after,  and  thence  fome  have  been  induced 
to  rejeft  this  explanation  altogether.  But  you  will 
eafily  fee  that  their*  decifion  is  extremely  precipitate. 

I  have  not  faid,  that  when  the  moon  is  at  M  or  N, 
the  water  at  A  is  at  it's  greateft  height ;  I  have  only  . 
fidd,  that  the  power  of  the  moon  has  then  a  tendency 
to  make  the  water  rife.     But  the  water  at  A  could 

• 

not  rife,  unlefs  it's  quantity  were  increafed ;  .and  that 
increafe  can  be  produced  only  by  the  flowing  of  the 
water  from  other  parts,  fome  of  them  very  diftant. 
A  confiderable  time,  therefore,  is  requifite  to  the  ac- 
cumulation of  a  fufficient  quantity  of  water ;  it  is, 
then,  very  natural  to  fuppofe,  that  high  water  at  A 
ihould  not  take  place  for  fome  time  after  the  moon 

has 
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has  pafled  M  or  N«  This  obfervation,  therefore,  is 
fo  far  from  overturning  our  fyflemy  that  it  tends 
ftron^y  to  confirm  it. 

There  is  no  room  to  doubt  that  the  power  which 
has  a  tendency  to  raife  the  fea,  mufl:  precede  it's 
greateft  elevation,  nay,  that  a  confiderable  time  muft 
intervene,  as  the  water  muft  flow  thither  from  places 
very  remote,  that  is,  from  places  where  the  water 
muft  be  low,  while  it  is  high  at  A.  If  the  water  has 
to  pa&  through  flraights,  or  has  it's  current  olhcr* 
wife  obffaructed,  high  water  will  be  fiill  more  retard* 
cd  }*  and  if,  in  the  ocean,  it  is  high  water  at  A,  two 
hours  after  the  moon  has  pafled  M  or  N,  it  will  not 
be  at  the  height,  in  narrow  and  bounded  ieas,  for 
three  hours  or  more :  and  this  perfecUy  agrees  with 
daily  obfervation. 

I  itb  OSlober^  1 760. 

*  It  may  be  proper,  in  this  place,  to  give  a  popular  view  of  ib 
intereiling  a  fubjcd  as  that  of  tides.  Suppofe,  therefore  a  cificnt 
of  water  communicates  with  another,  alfo  of  water,  and  in  the 
fame  ftatc  ;  the  furface  of  both  will '  conftantly  prefervc,  or  endea- 
vour to  prefer ve,  the  fame  level.  But  if  one  of  the  ciftems  were 
filled  with  oil,  or  any  fuch  Hght  fluid,  the  furface  would  evidentljf 
rife  above  the  level  of  the  other ;  and  the  more  fo,  the  greater  was 
the  depth  of  the  oil.  The  fame  confequence  would  follow,  if,  by 
any  caufe,  the  fpecific  gravity  of  the  water  in  one  of  the  ciliems 
was  diminiOied.  i\nd  this  i?  a^aally  the  effcd  which  the  moon 
and  fun  produce  on  the  waters  of  the  ocean ;  thofe  particles  neareil 
thefe  luminaries  are  more  attraded  by  them  than  the  particles  at 
the  centre,  or  at  the  extremities  of  the  tranfverfe  diameter,  which 
are  more  attrafted  than  the  particles  on  the  fartheft  fide;  and 
therefore,  in  both  cafes,  the  tendency  to  the  centre  is  diminifhed. 
Hence  a  protuberance  will  be  icMnncd  on  tke  nearer  and  £urtber 

fides 
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The  fame  Subje6l  continued* 

IT  is  no  longer,  then,  a  matter  of  doubt,  that  the 
flux  and  reflux  of  the  fea  is  caufed  by  the  attrac- 
tive power  of  the  moon.  But  there  remains  one 
^fficulty  more  to  be  removed :  Why  is  the  motion 
of  the  fea  much  more  confiderable  at  the  time  of 
new  and  full  moon  than  at  the  other  quarters  ?  If 
the  nK)on  were  hearer  the  earth  when  flie  is  new,  or 
fiiD,  than  when  flie  is  in  her  quarters,  there  would 
bene  difficulty  in  the  queftion,  as  her  proximity 
would  increafe  h^r  power.  But  though  the  moon 
•   approaches  the  earth  fometimes  more,  fometimes  lefs, 

fides  of  the  globe,  proportional  to  the  depth  of  the  ocean.  Bwt 
this  general  fwell  is  never  fufFercd  to  attain  it's  juft  elevation ;  for. 
the  neceflary  motions  are  not  fupportcd  a  fufHcient  length  of  time, 
and  the  impreffions  foon  give  a  contrary  tendency.  The  flow  of 
the  waters  is  moft  obftrufted  in  narrow  feas,  which  kre  remote 
from  the  great  ocean.  Hence  the  fetenefs  and  irregularity  oF  tlie 
tides  in  fuch  feas.  When  a  large  river,  or  an  arm  of  a  fea,'  fre- 
quently contracts  and  widens,  it  often  happens  that  the  tide,  in 
pu&ing  up,  occafions  a  great  fwell  in  the  narrows,  which  produces 
a  ftrong  current,  that  continuing,  after  it's  caufe  has  ccafed  to 
operate,  reduces  the  water  below  it's  proper  level,  till  a  quantity 
is  again  accumulated,  and  repeats  the  fame  efFcc^ls ;  and  thus  an 
ebb  and  flow  may  happen  feveral  times  in  the  courfe  of  a  day. 
This  is  particularly  remarked  in  the  river  St.  Lavfrence,  in  North 
America. 

A  large  lake  cannot  have  any  fenfible  tides,  for  every  portion  of 
it's  waters  is  almod  equally  attra<fled  by  the  fu;i  or  moon. 

the 
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the  difference  is  always  too  fmall  to  occalion  a  change 
fo  confidcrablc  in  the  flux  and  reflux  of  the  fca. 

Bcfidcs,  this  diflerence  is  not  regulated  by  the  new 
and  full  moon ;  and  it  may  happen,  that  the  moon, 
in  tlic  intermediate  quarters,  fliould  be  nearer  to  us 
than  when  flie  is  new  or  full.  We  muft  have  re- 
courfe,  therefore,  to  another  caufe  capable  of  increat 
ing  the  flux  and  reflux  of  the  fea  at  the  new  and 
ftiU  moon,  and  of  diminifliing  it  at  the  intermediate 

quarters* 

The  fyftem  of  attraction  fliews  us,  at  firft,  that  it 
is  the  action  of  the  fun  which,  joined  to  that  9f  the 
moon,  furniftics  a  complete  folution  of  all  the  phe- 
nomena prefentcd  to  us  by  the  flux  and  reflux  oi 
the  fca*  Indeed,  all -that  I  have  faid  refpefting  the 
power  whicli  the  moon  excrcifes  on  the  fea,  is  equally 
applicable  to  tlie  fun,  whofe  attractive  power  afts 
likcwlfe  unecpally  on  iiU  the  parts  of  the  earth,  ac- 
cording as  they  arc  more  or  lefs  remote  from  him. 
'J 'he  attraclion  of  the  fun  is  even  much  more  intenfe 
than  that  of  the  moon,  as  it  chiefly  regulates  the, 
anotion  of  the  earth,  and  carries  it  round  it's  orbit. 

As  to  tlic  motion  which  he  communicates  to  the 
fca,  it  dcpciids  on  the  inequality  of  that  aftion,  with 
relation  t(^  the  different  points  of  the  furface  of  the 
earth,  which  are  more  or  lefs  attracted  toward  the 
iun  than  it's  centre,  as  I  have  already  fliewed  you, 
in  explaining  the  effect  of  the  moon.  If  all  the  parts 
of  the  earth  were  attracted  equally,  no  change  in 
their  mutual  fituation  would  t.ike  place.  But  though 
the  pow  er  of  the  fun  be  much  greater  than  that  of 

the 
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the  inoon,  the  inequality,  with  relation  to  different 
parts  of  the  earth  is,  neverthelefs,  fmaller,  on  account 
of  the  great  diftance  of  the  fun,  which  is  300  times 
ferther  from  us  than  the  moon.  The  difference  of 
the  power  with  which  the  centre  of  the  earth,  and 
the  points  of  it's  furface,  are  attrafted  toward  the 
fun,  isj  therefore,  very  fmall ;  and  from  calculations 
a£hially  made,  it  is  found  to  be  three  times  lefs, 
nearly,  than  that  of  the  moon  upon  thefe  points. 
The  attraftive  power  of  the  fun  alone,  then,  would 
likewife  be  capable  of  caufing  the  flu:^  and  reflux  of 
the  fea ;  but  it  would  be  about  three  times  lels  than 
that  which  is  the  effed  of  the  combined  influence  of 
thefe  two  luminaries. 

'  It  is  evident,  then,  that  the  flux  and  reflux  of  the 
fea  are  produced  by  the  power  of  both  the  fun  and 
the  moon,  or  that  there  are  really  two  tides,  occa* 
fioned,  the  one  by  the  moon,  the  other  by  the  fun, 
and  called  the  lunar  tide  and  Xhtfolar  tide.  That  of 
the  moon,  nearly  three  times  greater,  follows  it's 
motion,  and  from  one  day  to  another  is  retarded 
three  quarters  of  an  hour  :  that  which  follows  the 
adion  of  thi^  fun,  would  conftantly  correfpond  to  the 
lame  hours  of  the  day,  if  it  exifted  alone,  or  if  there 
were  no  moon.  Thefe  two  tides,  the  lunar  and  the 
folar  together,  produce  the  flux  and  reflux  of  the 
fea ;  but  as  the  one  and  the  other,  feparately,  make 
the  waters  of  the  fea  alternately  to  rife  and  fall,  when 
it  happens  that  thefe  two  caufes,  conjointly,  make 
the  fea  rife  and  fall,  it's  flux  and  reflux  become  much 
more  conflderable  ;  but  when  the  one  tends  to  raife 
.  Vol.  I.  S  ■  the 
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the  fea,  and  the  other  to  lower  it,  at  the  fame  plac^ 
when  they  act  in  contrary  diredions,  the  one  wiU 
then  be  diminiihed  by  the  other,  and  the  lunar  tide 
will  be  weakened  by  the  folar.  According  as  thefe 
two  tides  afiifi,  or  check,  each  other^  the  flux  and  re« 
flux  will,  then,  be  more  or  leis  coniiderable. 

Now,  as  at  the  time  of  new  moon,  the  fun  and 
moon  are  in  the  fame  parts  of  the  heavens,  their  ct 
fefts  being  perfectly  in  unifon,  the  flux  and  reflux 
muft  then  be  greateft,  being  equal  to  the  fum  of  the 
two  tides.  This  will  equally  take  place  at  the  time 
of  full  moon,  when  the  moon  is  oppofite  to  the  fim^ 
as  we  know  that  flie  produces  the  fame  efied,  thou^ 
flie  be  in  a  point  of  the  heavens  diametrically  dppc^ 
lite  to  the  firfL  The  flu:!^  and  reflux  muft,  thare- 
fbre,  be  greater  at  new  and  full  moon,  than  at  tUt 
firft  and  laft  quarters.  For  then  the  power  of  the 
fun  is  exerted  to  lower  the  vi-aters,  and  that  of  tfcc 
moon  to  raife  them.  It  is  evident,  therefore,  that^ 
at  thcfe  feafons,  the  flux  and  reflux  muft  be  lefs  con* 
iiderable,  and  achial  obfervation  confirms  it. 

It  might  be  ftill  farther  demonftrated,  by  calcala«- 
tion,  that  the  effect  of  the  moon,  or  of  the  fim,  is 
fomewhat  greater,  when  thefe  bodies  are  at  the  equa- 
tor, or  equally  diftant  from  the  two  poles  of  the 
globe  :  which  happens  at  the  time  of  the  equinoxes^ 
toward  the  end  of  the  months  of  March  and  Sqpu 
teifiber.  It  is  found,  too,  that  then  the  tides  art 
ftrongcft.  It  follows  beyond  ail  doubt,  then,  thSit 
the  tides,  or  the  flux  and  reflux  of  the  fea,  are  cauied 
by  the  attractive  power  of  the  inodn  and  of  the  -fun, 

m, 
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in"  as  much  as  thefe  powers  aft  unequally  on  the  difi. 
fercnt  parts  of  the  fea.  -  Tlie  happy  explanation  of 
this  phenomenon,  which  had* fo  dreadfully  perplexed 
the  ancients,  is  a  complete  confirmation  of  the  fyt 
tcm  of  attraftion,  or  of  imiverlal  gravitation,  on 
which  is  founded  the  motion  of  all  the  heavenly 
bodies; 

i/^&  O^oher^  1 760. 
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More  particular  Account  of  the  Difpute  refpeSling  uni^ 

'ucrfal  Gravitatiori. 

HAVING  given  you  a  general,  but  exaft,  idea  of 
the  powers  which  produce  the  principal  pheno- 
mena of  the  univerfe,  and  on  which  are  founded  the 
^notions  of  all  the  heavenly  bodies,  it  is  of  importance 
to  coniider,  with  more  attention,  thofe  powers  which 
are  the  principal  points  of  the  fyftem  of  attraftion* 

It  is  fuppofed,  in  this  fyftem,  that  all  bodies  mu- 
tually attraft  each  other,  in  the  ratio  of  their  mafs, 
and  relatively  to  their  diftance,  in  conformity  to  a 
daw  aireJuiy  explained.  The  fatisfying  manner  in 
Jwhich  nioft  of  the  phenomena  in  nature  are  accounted 
for,  proves  that  this  fuppofition  is  founded  in  truth'; 
land  that  the  attraftion  which  dijfferent  bodies  exer- 
cife  upon  each  other,  may  be  confidered  as  a  nxofl; 
^tndoubted  iaft.  It  now  remains,  that  we  enquire 
ixito  .the  caufe  of.  thefe  attraftivie  powers  j  Jbut.  thfe 
^y  ■  '  S  2  refearcli 
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refearch  belongs  rather  to  the  province  of  metaphyiici 
than  of  nnathematics.     I  dare  not,  therefore,  flatter 
*  jnyfclf  with  the  profpeft  of  aflured  fuccefe  in  the  pro^ 
fecution  of  it. 

It  bring  certain,  that  any  two  bodies  whatever  arc 
attrafted  to  each  other,  the  queftion  is,  What  is  the 
caufe  of  this  attraction  ?  On  this  point  philofophers 
are  divided.  The  Englifli  maintain,  that  attradion 
is  a  property  effential  to  all  the  bodies  in  nature,  and 
that  thefe  bodies,  hurried  along  by  an  irrefiftible  pro- 
penfity,  tend  mutually  to  approach,  as  if  they  were 
impelled  by  feeling- 
Other  philofophers  confider  this  opinion  as  abfurcis 
and  contrary  to  the  principles  of  a  rational  philo- 
fophy.  They  do  not  deny  the  fa^l ;  they  even  ad- 
mit, that  powers  exift,  which  are  the  caules  of  the 
reciprocal  tendency  of  bodies  toward  each  other; 
but  they  maintain,  that  they  arc  foreign  to  the 
bodies  ;  that  they  belong  to  the  ether,  or  the  fiibtile 
matter  which  furrounds  them,  and  that  bodies  may 
be  put  in  motion  by  the  ether,  juft  as  we  fee  that  a 
body,  plunged  into  a  fluid,  receives  feveral  impref- 
.  fions  from  it.  Thus,  according  to  the  lirft,  the  cauf<^ 
of  the  attraftion  refides  in  the  bodies  themfelves,  and 
i$  eflential  to  their*  nature ;  and,  according  to  the 
laft,  that  it  is  out  of  tl^e  bodies,  and  in  the  fluid 
which  furrounds  them.  In  this  cafe,  the  term  at* 
.tra£tion  would  be  improper;  and  we  mufl:  rather 
:lay,  that  bodies  are  impelled  toward  each  other. 
But  as  the  effeft  is  the  fame,  whether  two  bodies  arc 
reciprocally  impelled,  or  attraded,  the  word  attract 

tion 
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tion  need  not  give  offence,  provided  it  is  not  pre-: 
tended,  by  that  term,  to  determine  the  nature  itfelf. 
of  the  caufe. 

To  avoid  all  confufion  which  might  refult  from 
this  mode  of  expreffion,  it  ought  rather  to  be  fidd, 
that  bodies  move,  as  if  they  mutually  attraded  each 
other.  This  would  not  decide,  whether  the  powers 
which .  aft  on  bodies  refide  in  the  bodies  themfelves, 
or  out  of  them ;  and  this  manner  of  fpeaking  might 
thus  fuit  both  parties.  Let  us  confine  ourfelves  to 
the  bodies  which  we  meet  with  on  the  furface  of  the 
earth. 

Every  one  readily  admits,  that  all  thefe  would  fall 
downward,  unlefs  they  were  fupported.  Now,  the 
queftion  turns  on  the  real  caufe  of  this  fall.  Some 
fey,  that  it  is  the  earth  which  attrafts  thefe  bodies, 
by  an  inherent  power  natural  to  it ;  others,  that 
it  is  the  ether,  or  fome  other  fubtile  or  invifible  ntiat- 
ter,  which  impels  the  body  downward ;  fo  that  the 
effeft  is,  neverthdefs,  the  fame  in  both  cafes.  This 
laft  opinion  is  moft  fatisfaftory  to  thofe  who  are 
fond  of  clear  principles  in  philofophy,  as  they  do  not 
fee,  how  iwo  bodies  at  a  diftance  can  aft  upon  each 
Other,  if  there  be  nothing  between  them.  The  others 
have  recourfe  to  the  divine  Omnipotence,  and  main« 
tain,  that  God  has  endowed  all  bodies  with  a  power 
pf  mutual  attraftion.         * 

Though  it  be  dangerous  to  venture  on  difputing 
concerning  the  limits  of  divine  power,  it  is,  never* 
iheleis,  certain,  that  if  attraftion  were  an  immediate 
work  of  that  power,  without  being  fouiiided  in  tha 
.       :  S3  nature 
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nature  of  bodies,  this  would  be  the  fame  thing  as 
fiiying^  that  God  immediately  impels  bodies  toward 
each  other,  and  this  would  amount  to  a  perpetual 
miracle. 

Let  us  fuppofe,  that  before  the  creation  of  the 
world,  God  had  created  only  two  bodies,  at  a  dif- 
tsance  from  each  other ;  that  nothing  abfohitely  ex- 
ifted  out  of  them,  and  that  they  were  in  a  ftate  of 
reft ;  would  it  be  poffible  for  the  one  to  approach 
the  other,  or  that  they  Ihould  have  a  propenfity  to 
approach  ?  How  could  the  one  feel  the  other  at  a 
diftance  ?  Whence  could  arife  the  defire  of  approach- 
ing?. Thefe  are  perplexing  quefUons.  But  if  you 
fiippofe  that  the  intermediate  fpace  is  filled  with  a 
iubtile  matter,  we  can  comprehend,  at  once,  that  this 
matter  may  aft  upon  the  bodies,  by  impelling  them ; 
the  efieft  would  be  the  &me  as  if  they  poiTeficd  a 
power  of  mutual  attraction. 

Now,  as  we  know,  that  the  whole  fpace  which 

feparates  the  heavenly  bodies,  is  filled  with  a  fubtilc 

matter,  called  etbcTj  it  feems  more  reafonable  to  af-i 

oribo  the  diutuai  attradion  of  bodies  to  an  action 

idim  aether  ezerdfiss  upon  them,  though  it's 

aifiing  inay  be  unknown  to  us,  rather 

XGOOX&  to  an  unintelligible  property. 

ikribphers  iatisfied  themfelves  with  ex- 

shenomena'of  nature,  from  qualities 

cd  occult  J  faying,  for  example,  that 

sep,  from  an  occult  quality,  which 

^pocure  fleep.    This  was  (aying  jufl; 

^JJBfX  was  an  attempt;  to  conceal  igno- 

.  .  ranee. 
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ranee.  We  ought,  therefore,  likewlfe  to  confider- 
attra£)ion  as  an  occult  quality,  in  as  far  as  it  is  givqn 
£Dr  a  property  eiTential  to  bodies.  But,  as  the  idea 
of  all  occidt  qualities  is  now  baniflied  from  philo* 
ibphy,  attraction  ought  not  to  be  confidered  in  thia^ 
ienfe* 

iSfhO^oier,  1760. 
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I 

Nature  and  EJfence  of  Bodies  :   or  Extenjlorij  Mobility^ 

and  Impenetrability  of  Body^ 

THE  metaphyfical  difquifition.  Whether  bodies 
may  be  endowed  with  an  internal  power  of  at^ 
tra6ting  each  other,  without  being  impelled  by  an 
external  force,  cannot  be  terminated,  till  we  have  ex- 
amined  more  particularly  the  nature  of  body  in  ge- 
neral. As  this  fubjeft  is  of  the  laft  importance,  not 
only  in  mathematics  and  phyfics,  but  in  every  branch 
t)f  philofophy,  you  muft  permit  me  to  go  into  a  more 
particular  detail  of  it. 

Firft,  it  is  a&ed.  What  is  body  ?  However  abfurd 
this  queftion  may  appear,  as  no  one  is  ignorant  of 
the  difference  between  what  is  body  and  what  is  not, 
it  is,  however,  diiEcult  to  afcertain  the  real  charac- 
ters  which  conftitute  the  nature  of  bodies.  The 
Cartefians  &y,  it  confifts  in  es^tenfion,  and  that  what- 
ever is  extended  is  a  body.  They  clearly  under«r 
iland,  thatextenfion  has,  in  this  cafe,  three  dimen# 
; ,     -  S  4  fions } 


264  NATURE  AND 

flons ;  and  that  a  fingle  dimenfion,  or  extcnfion  in 
length  only,  gives  only  a  line  ;  and  that  two  dimen- 
fions,  length  and  breadth,  form  only  a  furface,  which 
ftill  is  not  a  body.  To  conftitute  a  body,  therefore, 
we  muft  have  three  dimenfions,  and  every  body  miift 
have  length,  breadth,  and  depth,  or  thicknefs ;  in 
other  words,  an  extenfion  in  three  dimenfions. 

But,  it  is  afked,  at  the  fame  time,  if  every  thing 
which  has  extenfion  is  a  body  ?  This  muft  be  the 
cafe,  if  the  definition  of  Def cartes  be  juft.  The  idea 
which  the  vulgar  form  of  fpeftres  contains  exten- 
fion ;  it  is,  however,  denied  that  they  are  bodies. 
Though  this  idea  be  purely  imaginary,  it  ferves  to 
prove,  however,  that  fomething  may  have  extenfion 
without  being  a  body.  Befides,  the  idea  which  we 
have  of  fpace,  contains,  undoubtedly,  an  extenfion 
with  three  dimenfions.  It  is  admitted,  neverthdefe^ 
that  fpace  alone  is  not  a  body  ;  it  only  fiimiihes  the 
place  which  bodies  occupy  and  filL 

Let  us  fuppofe,  that  all  thofe  which  are  at  prefent 

in  my  apartment,  air  and  every  thing,  were  annihi- 

Jated  by  the  divine  Omnipotence,  there  would  rei- 

main  fiili  in  the  apartment  the  fame  length,  breadth 

iuad  Itfight,  but  without  a  body  in  it.    Here,  then, 

3§  the  poffifaility  of  an  extenfion  that  fhall  not  be  a 

mI^»    Such  a  {pace,  without  body  in  it,  is. called  a 

Bum  ;  a  vacuum  then  is  extenfion  without  body. 

t  may  likcwife  be  fidd,  according  to  the  vulgar 

picrfiition,  that  a  fpechre  has  extenfion,  but  that 

idft  W  c6qx>raUty,  is  wanting  to  it.     It  is  dear, 

tn,  thai  extenfion  is  not  fufficient  to  conftitute  a 

body. 


ESSENCE  OF  BODIES.  .  265 

body,  that  fomething  more  is  neceffary ;  hence  it 
fDllows,  that  the  definition  of  the  Cartefians  is  not 
exa<%.  But  what  more  is  neceflary,  befide  extenfion, 
ta  conftitute  a  body  ?  The  anfwer  is,  mobility,  or 
thepoffibility  of  being  put  in  motion;  for,  though  . 
a  body  be  at  reft,  whatever  may  be  the  caufes  which 
preferve  it  in  that  ftate,  it  would,  however,  be  pof- 
fible  to  move  it,  provided  the  powers  applied  to  it 
were  fufEdent.  By  this,  fpace  is  excluded  from  the 
dafc  of  bodies,  as  we  fee  that  fpace,  which  only  ferves 
to  neceive  bodies,  remains  immoveable,  whatever 
motion  the  bodies  that  it  contains  may  have. 

It  is  likewife  iaid,  that,  by  the  help  of  motion, 
bodies  are  tranfported  from  one  place  to  another ; 
by  which  we  are  given  to  underftand,  that  the  places 
and  ipace  remain  unchangeable.  My  apartment, 
however,  with  the  vacuum  which  I  have  above  fup- 
pofed,  might  undoubtedly  be  moved,  and  achially  is 
ib,  as  it  follows  the  motion  which  carries  round  the 
e^th  itUslf;  here,  then,  is  a  vacuum  in  motion, 
ydthout  being  a  body.  The  vulgar  fuperftition,  too, 
jbeftows  motion  on  fpeclres ;  and  this  is  fufficieht  to 
prove,  that  the  power  of  being  moved,  and  exten- 
.fion,  alone,  do  not  conftitute  the  nature  of  bodies. 
Something  more  is  wanting ;  there  muft  be  matter 
to  conftitute  a  body,  or  ratlier,  it  is  this  which  diC- 
.tinguiftes  a  real  body  from  fimple  extenfion,  or  from 
.a.fpeftre* 

Here,  then,  we  are  reduced  to  explain  what  is  to 
be  underftood  by  the  term  matter ^  without  which 
extenfion  cannot  be  body.    Now,  the  fignification 

of 
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of  thefe  two  terms  is  fo  much  the  fame,  that  all  body 
is  matter,  and  all  matter  is  body  ;  fo  that  even  now 
we  have  made  no  great  progrefs.  We  eaiily  difco- 
ver,  however,  a  general  character,  infeparable  from 
^1  matter,  and,  confequently,  pertaining  to  all  bodies; 
it  is  impenetrability  J  the  impoffibility  of  being  pene- 
trated by  other  bodies,  or  the  impoffibility  that  two 
bodies  flxould  occupy  the  fame  place  at  once.  In 
truth,  impenetrability  is  what  a  vacuum  wants  in 
order  to  be  a  body. 

It  will,  perhaps,  be  objected,  that  the  hand  may  be 
eafily  moved  through  air  and  through  water,  which 
are,  neverthelefs,  acknowledged  bodies ;  thefe,  then, 
muft  be  penetrable  bodies,  and,  confequently,  impe- 
netrability is  not  an  inherent  character  of  all  bodies. 
3ut  it  is  worthy  of  remark,  that  when  you  plunge 
your  hand  into  water,  the  particles  of  the  \i^ter  make 
way  for  your  hand,  and  that  there  is  no  water  in  the 
fpace  which  your  hand  occupies.     If  the  hand  could 
move  through  the  water,  while  that  fluid  did  not 
make  room  for  it,  but  remained  in  the  place  which 
<the  hand  occupied,  then  it  would  be  penetrable ;  but 
'it  is  evident  this  is  not  the  cafe.     Bodies,  then,  are 
JBuponetrahle :   a  body,  therefore,  always  excludes, 
i  the  place  which  it  occupies,  every  other  body ; 
IS  ibon  as  a  body  enters  into  any  place,  it  is  ab- 
Y  ncccflary  that  the  body  which  occupied  it 
(hould  leave  it.    This  is  the  fenfe  which  we 
fix  to  the  term  impenetrability. 

LETTER 
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LETTER  LXX. 

Impenetrability  of  Bodies. 

THE  inftance  of  a  fpunge  will,  perhaps,  be  pro* 
tluced  as  an  ob)edion  to  the  impenetrability  of 
bodies  J  which,  plunged  into  water,  appears  com* 
pletdy  penetrated  by  it.  But  the  particles  of  the 
fpujige  are  very  far  from  being  fo,  in  fuch  manner 
as  that  one  particle  of  the  water  ihould  occupy  th« 
iaine  place  with  one  particle  of  the  fpunge.  Wc 
know  that  fpunge  is  a  very  porous  body ;  and  that 
before  it  is  put  into  the  water,  it's  pores  are  filled 
with  air ;  as  fbon  as  the  water  enters  into  the  pores 
of 'the  fpunge,  the  air  is  expelled,  and  difengages  it- 
£d[f  under  the  form  of  little  bubbles  ;  fo  that,  in  this 
caie,  no  penetration  takes  place,  neither  of  the  air  by 
the  water,  nor  of  the  water  by  the  air,  as  this  laft 
always  makes  it's  efcape  from  the  places  into  which 
the  water  enters. 

It  is,  then,  a  general,  and  effential  property  of  all 
bodies,  to  be  impenetrable ;  and,  confequently,  the 
juftne&  of  this  definition  muft  be  admitted :  that  a 
body  is  an  impenetrable  extenfion  ;  as  not  only  all  bodies 
are  extended  and  impenetrable,  but  likewife,  reci- 
procally, as  that  which  is,  at  the  fame  time,  extended 
and  impenetrable,  is,  beyond  contradi<9:ion,  a  body. 
Vacuum  is,  accordingly,  excluded  from  the  clafs  of 
bodies  ;  for,  though  it  has  extenfion,  it  wants  impc* 
netral^ty  j  and  wherever  we  meet  with  a  vacuum, 
:      •  there 
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there  bodies  may  be  introduced,  without  thrufting 
any  thing  out  of  it*s  place. 

We  muft  attempt  to  remove  another  difficulty, 
raifedagainft  the  impenetrability  of  bodies.  There 
are,  fay  the  objeftors,  bodies,  which  admit  of  com- 
preffion  into  a  imaller  fpace,  as,  for  example,  wool, 
and  efpecially  air,  which  it  is  poffible  to  reduce  into 
a  fpace  a  thoufand  times  fmaller  than  what  it  occu^ 
pies.  It  appears,  then,  that  tte  different  particles  of 
air  are  reduced  in  the  fame  plac^,  and  that,  cop£e« 
quently,  they  mutually  penetrate. 

Th^e  is,  however,  nothing  in  this ;  for  th?  air, 

too,  is  a  body,  or  a  fubfiance  full  of  empty  pores,  or 

-filled  with  that  flui4,  incomparably  more  fubtile, 

which  we  call  ether.    In  the  firft  cafe,  no  penetration 

will  enfue,  as  the  particles  of  air  only  approach  nearer 

to  each  other,  according  as  the  vacuum  is  diminilh* 

ed ;  and,  in  the  other  cafe,  the  ether  finds  a  fuf- 

ficiency  of  finall  paiFages  by  which  to  efcape,  as  the 

particles  of  the  air  approach  each  other,  but  all  the 

while  without  any  mutual  penetration.     For  this 

reafon,  it  is  neceflary  to  employ  a  greater  force,  when 

wc  want  to  comprefs  the  air  more :  and  if  the  air 

were  comprefled  to  fuch  a  degree,  that  it's  minute 

particles  touched  each  other,  we  could  not  carry  the 

compreffion  farther,  becaufe,  were  it  poffible,  the  mi* 

,  nute  particles  of  the  air  muft  mutually  penetrate. 

It  is,  then,  a  necefTary  and  fundamental  law  in  na- 
ture, that  no  two  bodies  can  penetrate  each  other,  or 
occupy  the  fame  place  at  once :  and  it  is  in  a  confor- 
^ty  t«  this  principle,  that  we  muft  look  for  the  real 
^    .  -  fource 
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Jource'  of  all  the  motions  which  we  obferve  in  all 
Ixxlies,  and  of  the  changes  which  befal  them.  As 
two  bodies  cannot  continue  their  motion  without 
i)enetrating  each  other,  it  is  abfolutely  neceffary  that 
the  one  fliould  give  place  to  the  other.  If,  then^ 
two  bodies  are  moving  in  the  fame  line,  the  one  to 
the  left,  the  other  to  the  right,  as  it  frequently  hap- 
pens at  billiards,  if  each  were  to  continue  it's  motion, 
they  muft  mutually  penetrate,  but  this  being  impof- 
fible,  as  foon  as  they  come  to  touch,  a  fliock- takes 
*place,  by  which  the  motion  of  each  body  is  almoft 
inftaptly  changed;  and  this  fliock  is  produced,  in 
nature,  only  to  prevent  penetration.  The  motion 
■of  each  body  is  precifely  changed  no  further  than  is 
neceflary  to  prevent  all  penetration ;  and  in  this  con- 
jGfts  the  real  caufe  of  all  the  changes  which  happen 
in  the  world. 

.'  When  all  thefe  changes  are  attentively  confidered, 
•they  are  found  always  to  take  place,  in  order  to  pre- 
vent fome  penetration,  which,  without  thefe  changes^  , 
muft  have  enfued.  At  the  moment  I  am*  writing,  1 
t)bferve,  that  if  the  paper  were  penetrable,  the  pen 
would  pa£s  freely  into  it,  without  writing :  but  as 
the  paper  fuftains  the  preflure  of  my  pen,  moiftened 
^th  ink,  it  receives  from  it  fome  particles  which 
•fbrm  thefe  letters ;  which  could  not  happen  if  bodies 
penetrated  each  other* 

.  This  property  of  all  bodies,  known  by  the  terpi 
impenetrability y  is,  then,  not  only  of  the  laft  irapor- 
^ce,  relatively  to  every  branch  of  human .  know- 
ledge, but  we  may  confider  it  as  the  mafter-fpring.         y 

which 
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which  nature  fets  a-going,  in  order  to  produce  aS 
her  wonders.  It  merits,  then,  an  attentive  examir 
nation,  in  order  that  we  may  be  enabled  to  explain 
more  clearly  the  nature  of  bodies,  and  the  principle^ 
of  every  fpecies  of  movement,  commonly  called  law 
iff  motion. 

'     7,ltb  October y  1760. 
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Of  the  Motion  of  the  Bodies ^  real  and  apparent. 

• 

ALL  bodies  are  at  reft,  or  in  motion.  However 
evident  this  diftinction  may  be,  it  is  almoft  im- 
poffible  to  judge  whether  a  body  is  in  the  one  ftate, 
or  in  the  other.  The  paper  which  I  fee  on  my  table 
feems  to  me  really  at  reft ;  but  when  I  reflect  that 
the  whole  earth  is  moving  with  that  afioxuihing  ve- 
locity which  I  .eiqdained  in  a  former  letter,*  my 
hottfe,  my  table,  and  the  paper,  muft  ;d)fcAuteIy  hp 
carried  dong  with  the  fame  rapidity.  Thus  every 
thing  that  feems  to  be  at  reft,  has,  m  reality,  the 
fime  motion  as  the  earth. 

%  maSi  therefore  diftinguifli  between  two  kinds 

I  tlie  one  abfolute,  the  other  aj^arent*    Abfi> 

\  takes  place  when  a  body  remains  confiantlj 

i&me  place,  not  with  relation  to  the  ^arth, 

^tltftlation  to  the  tmiverfe.    If  -the  fixed  ftars 

ped  al'V^ys  in  the  fame  place  of  theuniverfe^ 


^  •  Letter  n. 
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they  wmild  be  at  reft,  though  they  feem  to  move 
very  rapidly ;  but  as  we  -  are  not  certain  of  it,  wd 
muft  not  pretend  to  affirm,  that  the  fixed  ftars  are 
in  a  ftate  of  abfolute  reft. 

A  body  is  faid  to  be  in  a  ftate  of  apparent  reft, 
when  it  preferves  the  fame  fituation  on  the  earth.  It 
is  likewife  to  be  prefumed,  that  thefe  terms,  reft  and 
motion,  have  been  introduced  into  language  to  mark 
rather  appearances  than  truth ;  and  in  this  fenfe,  I 
affipm,  without  hefitation,  that  my  table  is  at  reft, 
as  wdl  as  the  whole  earth ;  and  that  the  fun  and 
the  fixed  ftars  are  in  motion,  and  that  a  very  rapid 
ihotion,  although  they  are  really  at  reft.  We  fliould, 
therefore,  be  afcribing  ftrange  and  purely  metaphy- 
fical  ideas  to  thefe  expreffions,  if  we  underftood  by 
them  abfolute  rejl^  or  motion  ;  and  it  is  abfurd  to  em- 
ploy, as  fome  perfons  do,  paffages  of  the  Holy  Scrip- 
tures to  prove  that  the  earth  i$  at  reft,  and  the  fun 
in  motion. 

Language  is  formed  for  general  ufe ;  and  philofo- 
|)hiers  are  undfer  the  neceffity  of  forming  a.  particular 
laiiguage  for  themfelves.  As  we  are  incapable  to 
judge  of  abfolute  reft,  it  is  very  natural  for  us  to 
confider  thofe  bodies  as  at  reft  which  preferve  the 
-£ime  fituation  relatively  to  the  earth ;  as  it  is  very 
^probable  the  inhabitants  of  other  planets,  likewife, 
form  their  judgment  of  reft  from  the  fame  fituation 
relatively  to  their  refpedive  planet. 

We  obferve,  that  navigators  confider  as  at  reft  the 
obje<5ls  which  preferve  the  fame  fituation  relatively 
<to  their  veffel,  and  that  the  coafts  which  they  dif- 
.  7  cover 
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cover  appear  to  them  to  be  in  motion ;  and  no  one 
thinks  of  finding  fault  with  their  ufing  the  common 
modes  of  expreflion.  There  is,  therefore,  a  great 
difference  between  reft  and  motion,  real  or  abfolute^ 
and  between  reft  and  motion  apparent,  or  relative 
to  a  .body,  confidered  at  the  time  as  in  a  ftate  of  reft^ 
though  perhaps  it  may  be  in  motion.  The  principles 
or  laws  of  motion  refer  chiefly  to  the  ^bfolute  ftate 
of  bodies,  that  is,  to  their  reft  or  motion,  real  or  ab4 
folute.  In  order  to  difcover  thefe  bws,  we  be^ 
with  confidering  a  body  fingly  aiid  abftradedly  from 
all  others. 

This  hypothefis,  though  it  never  can  take  place^ 
is,  in  reality,  very  proper  to  aflift  us  in  diftinguilhing  * 
what  is  operated  by  the  nature  of  body  itfelf,  from 
that  wliich  other  bodies  are  capable  of  operating 
upon  it. 

Let  a  body,  then,  be  alone,  and  at  reft ;  it  may  be 
aftced.  Will  it  continue  at  reft,  or  will  it  begin  to 
move  ?   As  there  is  no  reafon  which  fliould  incline 
it  to  move  to  one  fide  rather  than  to  another,  it  is 
'  concluded  that  it  would  remain  always  at  reft.    The 
iame  thing  muft  happen,  on  the  fuppofition  of  the 
exiftence  of  other  bodies,  provided  they  do  not  a& 
on  the  body  in  quefdon  ;  hence  refults  this  funda- 
mental law :  When  a  body  is  once  in  a  ftate  of  reft^  and 
Hnihing  external  a6ls  upon  it^  it  will  remain  always  in 
that  ftate :  and  if  it  begin  to  move^  the  caufe  of  motion 
tfom^d  be  out  ofityfo  that  there  is  nothing  in  the  body  itfelf 
tCjiS^icb  is  capable  of  putting  itJn  motion.     When,  there- 
ii^Cj  we  fee  a  body  which  has  been  at  reft  begin  to 

move. 
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move,  we  may  reft  affnrecj  that  this  motion  has  been 
.occafioned  by  an  exterior  power,  as  there  is  nothing 
in  the  body  itfelf  capable  of  putting  it  in  motion ; 
and  if  it  were  alone,  and  cut  ofFfrom  all  communi- 
cation with  other  bodies,  it  would  remain  always  at 
reft. '    .        •     - 

However  well  founded  this  law  m2vyte,and  how- 
^.ever  entitled  to  rank  with  geometrical  truths,  theK 
are  perfons  little  accuftomed  to  profound  inveftiga- 
tion,  whp  pretend  that  it  is  contradicted  by  expe- 
rience.     They  allege  the  example  of  a  thread,  to 
which  a  ftone  is  appended ;  the  ftone  is  at  reft,  but 
falls  Jthe  mofncnt  that  the  thread  is  cut.     It  is*  cer- 
.  taii^  fay  they,  that  the  adion  by  which  the  thread 
.  is  cut  is  not  capable  of  making  the  ftone  move ;  the 
ftone,  therefore,  muft  fall  by  a  power  which  is  proper 
to  itfelf,  and  internal. 

The  'fa<3:  is  certain ;  but  it  is  evident,  at  the  fame 
time,. that  gravity  is^he  caufe  of  the  defcent,  and 
not  an  internal  po>yer  in  the  ftone. 

They  fay  farther,  that  gravity  may  be  an  intrinfic 
power,  attached  to  the  nature  of  the  ftone ;  on  which 
it  muft  be  remarked,  that  gravity  is  produced  either 
by  a  fubtile  matter,  or  by  the  attraftion  of  the  earth* 
In  the  firft  cafe  it  certainly  is  that  fubtile  matter 
which  caufes  the  defcent  of  the  ftone ;  in  the  fecond, 
which  appears  favourable  to  our  opponents,  it  can 
with  no  propriety  be  affirmed,  that  the  ftone  de- 
fcends  by  an  intrinfic  power ;,  it  is  rather  the  earth 
which  contains  the  caufe  of  it,  and  which  produces 
the  defcent  of  the  ftone,  by  it's  attradive  power : 
fVoL.  I.  T  for 
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for  if  the  earth  did  not  cxift,  or  wlirt  'deprited  of 
It's  attractive  power,  they  adlnit  that  the  fluie 
would  not  defcend. 

It  is  certain^  therefore,  that  the  canie  of  the  ^ 
foot  does  not  refide  in  the  ftone  itfelf :  the  caiift, 
thenv  is  always  extrinfic,  whether  it  be  in  the  iubtife 
inatter  or  in  the  earthy  fuppofing  it  to  be  esldowcd 
^th  an  attr^ve  power,  as  the  partifans  of  attttit* 
lion  pretend*  This  difficulty  being  removed,  tlie 
lapw,  which  I  have  laid  down,  fubfifb  in  full  foresee 
fiamdy.  That  a  body,  once  at  reft,  will  dways^remahi 
Ibi  unlets  it  be  put  in  nootion  by  fome  fordgn  cxxdL 
Tins  law  muft  take  place,  provided  the  body  has 
\een  at  reft  but  a  fingle  inftant,  though  It  was  in 
motion  immecfiatdy  before;  and,  when  once  ie« 
duced  to  a  ftate  of  reft,  it  wiU  always  preferve  thkt 
ftate,  unlefs  fbme  foreign  caufe  intervene  to  put  \t 
again  in  motion.  This  principle  being  the  founda« 
tion  of  aU  mechanics,  it  was  necefiary  for  me  to  dE^ 
tahliih  it  with  all  poffible  prediiom 

2M  OS^ier,  1760. 


LETTER   LXXIL 

'  Of  uniform^  accelerated,  and  retarded  Motion^ 

T  RETURN  to  the  cafe  of  a  body  placed  in  fuch  a 
•*-  maimer  as  to  have  jio  conne6tion  viith  any  other. 
Let  us  fuppofe  it  to  have  received  fome  motion  from 
ivhatever  caufe ;  it  remains  that  we  enquire,  What 

2  wiU 
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^NTJl  afterwards  happen  to  it  ?  Will  it  continue  to 
taovef  Or  will  it  fuddenly  return  to  a  ftate  of  reft  ; 
«:  after  fome  time  ?  You  muft  be  fenfible,  that  tMs 
is  an  enquiry  of  fome  importance,  and  that  all  our 
iDcficarches  reipe&ing  the  motion  of  bodies  depend 
upon  it.  Let  us  examine  if,  by  means  of  reafoning^ 
we  are  diik  to  refolve  it. 

A  body  is  at  reft,  as  long  as  it,  and  all  it's  palrts^ 
teinan  in  the  iaxtie  place ;  and  it  is  in  motion  whe^ 
Aaet  body,  or  fome  of  it's  parts  olily,  pa&  from  one 
{sfatce  to  another.  Now,  there  are  two  things  to  be 
idoi^eFed  in  motion,  the  dire<jtion  and  the  velocity* 
^c  direction  is  the  jdace  toward  which  the  body  k 
(Carried,  and  th^  velocity  is  the  fpace,  greater  or  le&, 
through  which  it  moves  in  a  certain  time.  I  zm 
{)erfuaded  you  have  already  jufter  ideas  of  this  than 
Icouldxommunicate  by  the  moft  ample  explanation* 
I  remark  only,  that  as  long  as  a  body  preferves  the 
"hinc  direction,  it  moves  in  a  ftraight  line ;  and  red- 
procaDy,  as  long  as  a  body  moves  in  a  ftraight  line, 
it  preferves  the  fame  direftion ;  but  when  it  moves 
in  a  curve,  it  is  continually  changing  it's  pofition. 

If  a  body,  then,  (Opiate  III.  j^g.  y.)  moves  in  the 
curve  A  B  C  J  when  it  is  at  A,  it's  diredion  is  the 
finall  line  A  a ;  when  it  is  at  B,  it's  direction  is  the 
fmall  line  B  b ;  and  at  C,  the  fmall  line  C  c.  Let 
thefe  ftnall  lines  be  produced ;  the  continuations  of 
which  are  marked  by  the  ftraight  dotted  lines  A  L, 
B  M,  C  N ;  and  it  will  be  afiirmcd,  that  when  the 
body  paQes  through  A,  it's  direftion  is  the  ftraight 
lipe  A  L,  becaufe,  if  the  body  prefer ved  the  feme  di- 

T  2  region 
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rcdion  which  it  had  at  A,  it  would  move  in  ike 
ftraight  line  A  L.  It  is  evident,  then,  that  it  moves 
in  the  curve  only  in  fo  far  as  it  is  continually  chang* 
ing  it's  direAion.  And  when  it  arrives  at  B  and  at 
C,  the  direction  from  which  it  deviates  is  exprefled 
by  the  ftraight  lines  B  M  and  C  N.* 

A  body  preferves  the  fame  velocity  in  it's  motion 
as  long  at  it  moves  through  equal  fpaces  in  equal 
times.  This  motion  is  called  uniform.  Thus,  for 
example,  if  a  body  mpves  in  fuch  a  manner  as  al- 
ways to  proceed  ten  feet  during  every  fecond,  we 
call  this  motion  uniform.  If  another  body  proceeds 
twenty  feet  in  a  fecond,  it's  motion  too  would  be 
uniform,  but  it's  velocity  would  be  twice  as  great  as 
that  of  the  preceding. 

*  The  argument,  cavfa  fuffickm^  or  fujfficient  reafortj  is  a  fort  of 

jargon  introduced  by  fome  metaphyiicians  in  the  beginning  of  the 

prefent  century,  which  has  ftill  it's  advocates  on  the  continent. 

To  conclude  that  a  thing  is  fuch  becaufe  we  fee  no  fufficient  rca- 

fon  to  the  contrary,  is,  indeed,  a  ftrangc  method  of  reafoning. 

What  can  be  more,prepofterous  than  to  employ  our  ignorance  as 

the  inftrument  of  difcovering  truth  ?    And  yet  this  is  the  plain 

llatement  of  the  argument.     The  inftance  mentioned  in  the  text, 

is  a  noted  one,  though  the  ingenious  Father  Bo/covick  remarks, 

that  any  inference  whatever  may  with  equal  juftice  be  drawn  frond 

the  fume  premifes.     Thus,  we  may  fay,  that  no  fufficient   reafon 

can  be  given  that  a  moving  body  A  fliould  approach  a  point  B, 

rather  than  recede  from  it ;  it  will,  therefore,  keep  conftantly  at 

the  fame  diflaitcc,  and,  confequently,  defcribe  a  circle  about  that 

point.     Hence  bodies  move  tiot  in  ftraight  lines,  but  in  circles. 

Jn  the  fame  manner  we  might  fay  that  motion  is  not  uniform,  and 

indeed  prove  any  thing  we  pleafe.     The  faft  is,  that  we  derive  no 

part  of  our  knowledge  from  any  abftrad  reafoning  on  the  nature 

of  things. 

From 
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:  From  what  I  have  juft  faid  of  the  uniformity  of 
motion,  it  is  eafy  to  comprehend  what  is  not  uniform 
motion ;  for  when  the  velocity  of  a  body  is  not  equal, 
it's  motion  is  not  uniform.  When  the  velocity  of  a 
body  goes  on  increafing,  it's  motion  is  faid  to  be  ac^ 
celerated^  and  when  it  is  continually  diminifhing,  we 
iay  it  is  retarded.  In  this  laft  cafe,  the  velocity  may 
come  to  be  retarded  to  fuch  a  degree,  that  the  body 
ihall  at  length  come  to  a  ftate  of  relL 

Having  made  thefe  remarks  on  the  velocity  and 
dire<Etion  of  moving  bodies,  I  return  to  the  cafe  of  a 
folitary  body,  which  I  fuppofe  to  be  put  in  motion 
by  any  caufe  whatever.  As  fbon  as  it  has  begun 
to  move,  it  muft  have  acquired  a  certain  direftion, 
and  a  certain  velocity :  and  the  queftion  is.  Will  it 
afterwards  preferve  the  fame  direftion  and  the  iame 
velocity ;  or.  Will  it  undergo  fome  alteration  ?  We 
cannot  affirm  that  it  will  be  reduced  to  a  ftate  of  reft 
in  an  inftant,  for,  in  this  cafe,  it  could  not  have  had 
any  motion,  all  motion  fuppofing  duration,  however 
fhort.  Now,  as  long  as  the  motion  lafts,  it  is  cer- 
tain that  the  direction  will  remain  the  fame. 

In  truth,  it  is  impoffible  to  conceive  why  the  body 
fliould  go  out  of  it's  road,  to  one  fide  rather  than  to 
another  ;  and,  as  nothing  comes  to  pafs  without  rea- 
fon,  it  follows,  that  the  body  in  queftion  will  always 
perfevere  in  the  fame  direction,  or,  that  it's  motion 
will  proceed  in  a  ftraight  line,  which  is  a  great  ftcp 
inade  toward  the  decifion  of  the  queftion. 

It  is  likewife  maintained,  that  the  velocity  of  the 

T  3  body^ 
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body,  of  which  I  fpeak,  cannot  change :  £ot  in  t&at 
cafe  it  mixfi  either  increafe  or  diminiih,  and  no  resu 
fon  can  be  ailigned  capable  of  producing  this  change. 
Hence  it  is  concluded,  that  this  body  will  alwayi 
continue  to  move  with  the  fame  velocity,  and  in  the 
iame  ^edion,  or  that  it  will  proceed  continx^y  in 
the  dire^Hon  of  a  ftraight  line,  without  ever  deviate 
ing  from  it,  and  always  with  equal  fpeed.  This  mo* 
tion  will  be  performed,  then,  always  in  a  firaigkt 
fine,  and  with  an  equal  velocity,  without  ever  bemg 
flackened  or  retarded;  the  body,  therefore,  will 
never  be  reduced  to  a  ftate  of  reft. 

What  has  been  faid  of  a  body,  which  I  have  fup* 
pofed  folitary,  would  happen  in  like  manner  to  our 
^obe,  if  no  other  bodies  had  any  influence  upon  it^ 
for  then  it  would  be  the  fame  thing  as  if  they  (fid 
not  exift.  The  queftion,  then,  is  refolved.  A  body 
in  motion  will  always  preferve  it  in  the  fame  direc- 
tion, and  with  the  fame  velocity,  unlefs  fome  exter«> 
nal  caufe  interpofe,  capable  of  altering  it's  motion. 
So  long,  therefore,  as  a  body  is  not  fubjeA  to  the  ac* 
tion  of  fome  external  caufe,  it  will  remain  at  reft,  if 
It  has  once  been  in  a  ftate  of  reft ;  or  will  be  moved 
in  the  direction  of  a  fbraight  line,  and  always  with 
the  fame  velocity,  if  it  has  once  been  put  in  motion; 
and  this  is  the  firft  and  principal  law  of  nature  on 
which  the  whole  fcieiice  of  motion  muft  be  founded. 

From  it  we  deduce  ^t  once  this  conclufion,  that  as 
often  as  we  fee  a  body  which  was  at  reft  put  in  mo«» 
tion,  or  a  body  moving  ip  a  curve  line,  or  whofe  ve- 
locity 
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loc&y.  changes,  it  is  certain,  that  an  ei^cternal  caufe 
a&s  upon  it.  No  change  can  pofllbiy  take  place 
fither  as  to  diredtion  or  velocity,  but  what  is  the 
operation  of  a  foreign  caufe- 

tjl  Ntivemkrjf  1760. 
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Principal  Law  of  Motion  and  Reft.    Diffuses  ofPhtlo-^ 

.  fophers  on  the  Subjed* 

WITH  whatever  folidity  this  principle  is  eftatv 
liihed,  that  every  body  put  in  motion  conti« 
pues  to  move  in  the  fame  diredion,  and  with  the 
iame  velocity,  unlefs  fome  exterior  caufe  interpofc 
\o  derange  this  motion ;  it  has,  neverthelefs,  been 
>  combated  by  certain  philofophers,  who  have  nevet' 
Qiade  any  great  progrefs  in  the  fcience  of  motion  \ 
9rhile  thpfe  to  whom  we  are  indebted  for  all  the 
fgifit  difcoveries  whiqh  have  been  made  in  thia, 
icieiic^,  unanimoufly  agree,  that  all  their  refearche? 
Iiave  proceeded  entirely  on  this  principle.  It  is  at- 
tacked by  two  fefts  of  philofophers,  whofe  objedion$ 
I  proceed  to  propofc,  and  fliall  endeavour  to  refute* 
It  is  alleged  by  the  one.  That  all  bodies  have  a 
prc^nfity  to  reft,  which  is  their  natural  ftate,  and 
that  motion  is  to  them  a  ftate  of  violence ;  fo  that 
when  a  body  is  put  in  motion,  it  has  a  tendency, 
from  it's  very  nature,  to  return  to  the  fl:ate  of  reft  j 
and  that  it  makes  every  effort  to  deftroy  it's  motion^ 

T  4  indepen* 
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independently  of  every  external  or  foreign  caufe* 
They  allege,  in  proof,  experience,  fo  convincing,  ac-* 
cording  to  them,  that  we  know  of  no  motion  in  na- 
ture that  does  not  very  fenfibly  betray  this  reluc- 
tance^ Do  we  not  fee,  fay  they,  on  the  billiard  taUe, 
that  with  whatever  force  we  ftrike  a  ball,  it's  motion 
is  quickly  flackened,  and  it  foon  returns  to  a  ft  ate  of 
reft.  As  foon  as  the  motion  of  a  clock  ceafes  to  be 
kept  up  by  the  external  force  which  fet  it  a  going, 
it  ftops.  It  is  remarked  of  all  machines  in  generaJ, 
that  their  motion  lafts  no  longer  than  the  external 
powers  by  which  tliey  arc  agitated.  Hence  they 
conclude,  that  a  body  put  in  motion  is  fo  far  from 
preferving  it  from  any  thing  in  it's  own  nature,  that, 
on  the  contrary,  an  external  force  muft  be  employed 
to  keep  it  up. 

You  muft  be  fenfible  that,  if  this  conclufion  is  juft, 
our  principle  is  completely  fubverted ;  as,  in  virtue 
of  this  principle,  the  ball  and  the  machines  in  quet 
tion,  once  put  in  motion,  ,muft  always  prefejve  the 
fame,  unlefs  external  caufes  have  occalioned  fome 
change  in  it.  Thus,  in  the  experiments  referred  to, 
had  there  been  no  external  caufe  which  tended  to 
dcftroy  the  motion,  we  fliould  have  been  under  the 
ncceflSty  of  abandoning  our  principle. 

But,  if  we  attend  to  every  thing,  we  fliall  find  fo 
many  obftacles  oppofed  to  the  motion,  that  we  need 
no  longer  wonder  it  fliould  be  fo  fpeedily  extinguifli- 
'^-  In  faft,  it  is  firft  the  friction  on  the  billiard 
table  which  diipiniihes  the  motion  of  the  ball,  for  it 
<?imot  advance  without  rubbing  againft  the  cloth. 

Again  > 
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Ag^n,  the  airbcing  a fubftance, caufes  liketvife  a  re- 
Cftance  capable  of  diminifhing  the  motion  of  bodies. 
To  be  convinced  of  this,  you  have  only  to  move 
your  hand  rapidly  through  the  air.  It  is  evident,* 
then,  that  in  the  cafe  of  the  billiard  table,  it  is  the 
friftion  and  the  refiftance  of  the  air  which  counteract 
the  motion  of  the  ball,  and  fo6n  reduce  it  to  a  ftate 
of  reft. 

Now,  thefe  caufes  are  external,  and  it  is  eafily 
comprehenfible  that,  but  for  thefe  obftades,  the  mo- 
tion of  the  ball  muft  have  always  continued.     The 
fame  reafoning  is  applicable  to  machines  of  all  kinds, 
in  which  the  friftion  which  afts  on  the  different 
parts  is  fo  confiderable,  that  it  is  vifibly  a  very  fuf- 
ficient  caufe  of  foon  reducing  the  machine  to  reft. 
*    Having,  then,  difcovered  the  real  caufes  which 
produce,  in  the  cafes  alleged,  the  extinftion  of  mo- 
tion, and  that  thefe  caufes  are  external,  and  not  re- 
fident  in  the  moving  body,  it  is  evidently  falfe,  that 
bodies  have  in  their  nature  a  propenfity  to  reft.  Our 
principle,  therefore,  fubfifts  in  full  force,  and  even 
acquires  additional  ftrength  from  the  preceding  ob- 
jeftions.     Every  body,  then,  always  preferves  the 
motion  which  it  has  once  received,  unlefs  foreign 
caufes  interpofe  to  change  the  direftion  or  the  velo- 
city, or  both  at  once.     And  thus  we  have  got  rid  of 
one-phalanx  of  the  adverfaries  who  combat  our  prin- 
ciple. 

The  other  is  more  formidable,  for  tjhey  are  no  lefs 
than  the  celebrated  Wolfian  philofophers.  They  do 
not,  indeed,  openly  declare  againft  our  principle,  nay 

they 
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tbcy  even  aqpre&  much  refpeA  for  it ;  but  tbef  ad* 
irancc  ^ther9  which  dife61y  oppofe  it* 

They  maintain,  That  all  bodies,  in  virtue  of  thc^ir 
mature,  are  makipg  continual  efforts  to  change  theiir 
Ibite ;  that  is,  when  they  are  at  reft,  they  make  ai( 
effort  to  moye ;  and,  if  they  are  in  motion,  make 
continual  efforts  to  change  their  vdodty  and  dire&> 
tion.  They  allege  nothing  in  proof  of  this  aflertion^ 
except  certain  crude  reafonings,  drawn  from  their 
fyftem  of  metaphylics,  which  I  ihall  hereafter  takiQ 
occafion  to  lay  before  you.  I  only  remark,  at  pre- 
ient,  that  this  opinion  is  contradided  by  the  prin^ 
ciple  which  we  have  to  firmly  eftablifhcd ;  and  by 
experience,  which  is  in  perfed  conformity  with  it* 

In  fad,  if  it  be  true  that  a  body  at  reft  remaiftSt 
in  virtue  of  it's  nature,  in  that.ftate,  it  muft  be  un- 
doubtedly falfe  tliat  it  ihould  make,  in  virtue  of  it'g 
nature,  continual  efforts  to  change  it's  ftate.  And 
if  it  be  true  that  a  body  in  motion  preferves,  in  vir- 
tue of  it's  nature,  this  motion,  in  the  lame  diredion» 
and  with  the  iame  velocity,  it  is  impoflible  that  the 
fame  body  ihould,  in  virtue  of  it's  nature,  be  making 
(ontinual  efforts  to  change  it's  motion. 

Thefe  philofophers,  in  attempting  to  maintain,  at 
the  feme  time,  th^  true  principle  of  motion,  and  their 
own  abfurd  opinion,  have  fallen  into  felf-contradic- 
don,  and  thereby  fubverted  their  own  fyftem.  It  is, 
therefore,  placed  beyond  the  reach  of  difpute,  that 
0ur  principle  is  founded  in  the  very  nature  of  body, 
and  that  whatever  is  contrary  to  it  ought  (o  be  ba- 
iiiflicd  from  found  philofophy :  and  this  fiune  prin- 

dple 
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dple  enables  us  to  dear  it  of  certain  fubtUties  in 
which  it  has  been  involved. 

Tliis  prindple  is  commonly  expreffed  in  the  two 
foDowmg  proportions :  Firft ;  A  body  once  at  rejl  will 
remain  eternally  at  reji^  unlefs  it  be  put  in  motion  byfom^ 
external  or  foreign  caufe :  Secondly ;  \4  body  on^e  in 
nution  will  preferve  it  eternally^  in  the  fame  dire£lion^ 
0fid  with  the  fame  velocity  ;  or  will  proceed  with  an  imi-' 
firWt  motion^  in  a  flraight  linCj  unlefs  it  is  difiurbed  by 
Jhme  external^  or  foreign  caufe.  In  thefe  two  propofi- 
tions  confifis  the  foundation  of  the  whole  fdence  of 
motion,  called  mechanics. 

4/i  Ni^vemher,  1760. 
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Of  the  Inertia  of  Bodies :  Of  Powers. 

AS  wc  lay,  that  a  body,  fo  long  as  it  is  at  reft,  re» 
msdns  in  the  fame  flate,  fo  we  likewife  fay  of  a 
body  in  motion,  that  as  long  as  it  moves  in  the  fame 
direction,  and  with  the  fame  velocity,  it  remains  in 
the  fame  ftate.  To  continue  in  the  fame  ftate,  then, 
figi^ifies  nothing  more  than  to  remain  at  reft,  or  to 
preferve  the  fame  motion. 

This  manner  of  fpeaking  has  been  introduced  for 
the  purpofe  of  expreffing  more  fucdn6Uy  our  grand 
prindple,  that  every  body,  in  virtue  of  it's  nature, 
preferves  itfelf  in  the  fame  ftate,  till  an  extraneous 
caufe  come  to  difturb  it,  that  is,  to  put  the  body  in 
motion  when  at  reft,  or  to  derange  it's  motion. 

It 
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It  muft  not  be  imagHied  that  a  body,  iii  order'  to 
preferve  the  fame  ftate,  muft  remain  in  the  lame 
place ;  this,  indeed,  is  the  cafe  when  the  body  is  at 
reft ;  but  when  it  moves  with  the  fame  velocity,  and 
in  the  fame  direftion,  we  fay,  equally,  that  it  conti-- 
nues  in  the  fame  ftate,  though  it  is  every  inftant 
changing  it's  place.  It  was  neceflary  to  make  this 
remark,  to  prevent  the  poffibility  of  confounding 
change  of  place  with  that  of  ftate.  If  it  be  now 
afked.  Why  bodies  continue  in  the  fame  ftate  ?  The 
anfwer  muft  be,  that  this  is  in  virtue  of  their  pecu- 
liar nature. 

All  bodies,  in  as  far  as  they  are  compofed  of  mat- 
ter, have  the  property  of  remaining  in  the  fame 
ftate,  if  they  are  not  drawn  out  of  it  by  fome  exter- 
nal caufe.  This,  then,  is  a  property  founded  on  the 
nature  of  bodies,  by  which  they  endeavour  to  pre- 
ferve themfelves  in  the  fame  ftate ^  whether  of  reft  or 
motion.  This  quality  with  which  all  bodies  are  en- 
dowed, and  which  is  effential  to  them,  is  called  iner" 
ilA^  and  it  enters  as  neceflarily  into  their  conflitu- 
ticm  as  extenfibn  and  impenetrability ;  to  fuch  a  de- 

*  Wc  have  already  in  common  ufc,  in  our  own  language,  the 
adjcftive  inert^  and  the  adverb  inerfly,  and  their  meaning  is  genc- 
laDy  nnderftood.   But  hitherto  no  author  of  name,  except  in  works 
^dliltofophjry  has  ventured  to  introduce  the  correfpondent  fub- 
i?e  noon  into  general  com  poll  tion,  much  lefs  to  clothe  it  with 
log^ifhlbrin.     The  Latin  term  inertia  is,  therefore,  retained  in 
Tanflation.     The  linguift  and  the  philolopber  need  no  inter- 
lon.     The  unlearned  reader  is  referred  to    what  Mr.  Euler 
n  the  context,  or  to  the  explanation  of  foreign  and  fcieniiiic 
iS  affixed  to  this  w^ork. — E.  E. 
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gree,  that  it  would  be  impoffibk  for  d  body  to^xift^ 
idivefted  of  this  inertia. 

This  term  Was  firft  introduced  into  philofophy  by 
th<^e  who. maintained  that  all  bodies  have  a  propen* 
ity  to  reft*  They  confidered  bodies  as  fomewhat  re- 
fembling.  indolent  perfons,  who  prefer  reft  to  exer- 
tion, and  afcribed  to  bodies  an  averfion  to  motion, 
fimilar  to  tliat  which  fluggards  have  for  labour ;  the 
term  inertia  fignifying  nearly  the  fame  thing  as  flug- 
giihne(s.  But  though  the  falfenefs  of  this  opinion 
-has  been  fince  detefted,  and  though  it  is  certain  that 
bodies  remain  equally  in  their  ftate  of  motioUj  as  in 
that  of  reft,  yet  the  term  inertia  has  been  ftill  re* 
^tained  to  denote  in  general  the  property  of  all  bo- 
.dies  "to  continue  in  the  fame  ftate,  whether  of  reft  or 
of  motion.* 

The  exaft  idea  of  inertia^  therefore,  is  a  repugnance 
to  every  thing  that  has  a  tendency  to  change  the 
ftate  of  bodies  j  for  as  a  body,  in  virtue  of  it's  na- 
ture, preferves  the  fame  ftate  of  motion,  or  of  reft, 
.and  cannot  be  drawn  out  of  it  but  by  external  caufes,. 
it  follows  that,  in  order  to  a  body's  changing  it's 

*  The  diftinguifhing  property  of  inanimate  matter  is  it's  abfo- 
lute  paflivcnefs  or  want  of  difpoiition  to -change  it's  ftate,  whether 
that  of  reft,  or  of  motion.  The  term  inertia  is  improper,  fince  xt 
conveys  an  idea  of  flugglfhnefs,  or  a  rcludtance  to  be  put  in  mo* 
tion ;  whereas  bodies  are  obedient  to  the  fmallefl  impulfe,  and  the 
aftion  generated  is  ever  proportioned  to  the  force.  The  expreffion 
tw  inertia,  commonly  uled,  is  really  a  contradiftion  of  terms. 
Indeed,  it  would  be  no  diflervice  to  natural  philofophy,  if  the  law 
that  "  a^on  and  re-a6Uon  are  equal  and  oppolitc,"  were  entirely 
<»mttcd,— £.  £• 

•  ftate, 
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ftate»  it  ttmft  be  forced  out  of  it  hf  temt  dtternd 
cauie :  without  which  it  would  alwi^  continue  ia 
the  lame  ftate.  Hefiice  it  is,  that  we  give  to  this  ex> 
ternal  caufe  the  name  ol  power  <St  firte.  It  is  u  teriil 
in  common  nfe^  though  many  by  whom  it  it  eoai- 
fAoyed  have  but  a  very  imperfed  idea  of  it» 

From  What  I  have  juft  £dd  you  will  fee  that  tlift 
Word  firce  fignifies  every  thing  that  is  capabk  of 
changing  the  fiate  of  bodies*  Thus,  when  a  bodf 
which  has  been  at  reft  is  put  In  motion, it  is  aforoe 
which  produces  this  effed ;  and  when  a  body  in  mo- 
tion changes  it^s  dire&ion,  or  velocity,  it  is  likewiiib 
a  force  which  produces  this  change.  £very  chai^ 
of  diredion,  or  of  vdocity,  in  the  motion  of  a  body, 
requu-es  either  an  increafe  or  a  diminution  of  forces 
Such  force,  therefore,  is  always  out  of  the  body 
whofe  ftate  is  changed ;  for  we  have  feen  that  a  body 
left  to  itielf,  preferves  always  the  fame  ft:ate,  unle(s  a 
force  from  without  afts  upon  it. 

Now,  the  inertia  by  which  a  body  tends  to  pre* 
ferve  itfelf  in  the  fame  ftate,  exifts  in  the  body  itfd^ 
and  is  an  effential  property  of  it :  when,  therefore, 
an  external  force  changes  the  ftate  of  any  body,  the 
inertia  which  would  maintain  it  in  the  fame  ftate, 
oppofes  itfelf  to  the  a6bion  of  that  force  *,  and  hence 
we  comprehend,  that  the  inertia  is  a  quality  fufcep- 
tible  of  meafurement,  or  that  the  inertia  of  one  body 
may  be  greater  or  lefs  than  that  of  another  body. 

But  bodies  are  endowed  with  this  inertia  in  as  far 
as  they  contain  matter.  It  is  even  by  the  inertia^  or 
the  refiftance  which  they  oppofe  to  every  change  of 

Aate, 


ftatc,  that  we  judge  of  the  quantity  of  a  body  j  the 
inertia  of  a  body,  accordingly,  is  greater  in  propor- 
tion to  the  quantity  of  matter  which  it  contains* 
Hence  we  conclude,  that  it  requires  a  greater  force 
to  change  the  ftate  of  .a  great  body,  than  that  of  a 
fyaaH  one ;  and  we  go  on  to  condude,  that  the  gftiit 
%)ody  contains  more  matter  than  the  frtiiSl  6ne.  It 
ittay  dren  be  affirmed  that  this  fingle  ciraunftance, 
tlte  inertia^  renders  matter  fenfible  to  us. 

It  is  evident,  then,  that  the  inertia  is  &fcepdble  cf 
^UK^afiirement,  and  that  it  is  the  fame  with  the  ^zxh- 
iSty  <>f  matter  which  a  body  contain^ :  as  we  deno- 
inbbate,  likewife,  the  Quantity  of  matter  in  a  body, 
it'smais,  the  meafure  of  the  inertia  is  theKameas 
thsit  of  the  mais. 

TTo  this,  then,  is  reduced  our  knowledge  of  bo^es 
in-generaL  Firft,  we  know,  that  aU  bodies  have  an 
cxteniion  of  three  dimenfions ;  fecondly,  that  th^ 
arc  iihpcnetriable  j-  and  hence  refults  their  general 
ptopCKtYj  known  by  the  name  of  inertia^  by  whidd 
tKey  prefervc  themfelves  in  their  ftate ;  that  is,  when 
'a  body  is  at  reft,  by  it's  inertia  it  remains  fo ;  and 
when  it  is  in  motion,  it  is  likeWife  by  it's  inertia  that 
it  continues  to  move  with  the  fame  velocity,  and  in 
thie  &me  dire6Kon ;  and  this  prefervation  of  the 
time  ftatb  lafts  till  fome  external  caufe  interp<^  to 
produce  a  change  in  it.  As  often  as  the  ftate  of  a 
body  changes,  we  muft  never  look,  for  the  caufe  of 
iiich  change  in  the  body  itlelf ;  it  exifb  always  out 
of  the  body,  and  this  is  the  juft  idea  which  we  muft 
fbnn  of  a  power  or  force* 

tib  Novtmber^  1760* 
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LETTER    LXXV. 

■ 

Changes  which  may  take  place  in  the  State  of  Bodieii 

.  • 

THE  fundamental  principle  of  mechanics,  with 
the  idea  of  inertia^  which  I  have  endeavoured 
to  explain,  enables  us  to  reafon  on  folid  ground  re* 
fpeding  various  phenomena  prefented  to  us  in  ns^ 
ture.  On  feeing  a  body  in  motion,  which  fliould 
proceed  uniformly  in  a  ftraight  line,  that  is,  which 
fhould  preferve  the  fame  diredion,  and  the  fiime  ve- 
locity, we  would  fay,  that  the  caufe  of  this  continu- 
ation of  motion  is  not  to  be  found  out  of  the  body, 
but  that  it  is  founded  in  it's  very  nature,  and  that, 
in  virtue  of  it's  inertia^  it  remains  always  in  the  fame, 
flate ;  as  we  would  fay,  were  the  body  at  refl,  that 
this  took  place  in  virtue  of  it's  inertia. 

We  would  likewife  be  right  in  faying  that  this 
body  undergoes  no  action  from  any  external  caufe ; 
or,  if  any  fuch  exifted,  that  thefe  powers  reciprocally 
deflroyed  each  other  in  fuch  a  manner  that  the  body 
is  in  the  flate  in  which  it  would  be  if  no  force  aded 
upon  it. 

If  it  is  afked,  then.  Why  the  body  continues  to 
move  in  this  manner  ?  The  anfwer  is  obvious.  But 
if  it  is  alked.  Why  this  body  lias  begun  thus .  to 
move  ?  The  queftion  is  totally  diflferent.  It  muft  be 
faid,  that  this  motion  has  been  imprelTed  upon  it  by 
fome  exiternal  force,  if  it  was  before  at  reft ;  ,but  it 
would  Tae  iinpoflible  to  affirm  any  thing  with  cer- 
tainty 
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tainty  relpeAing  the  quantity  of  that  force,  becaufe, 
perhaps,  no  traces  of  it  remain.  It  is,  therefore; 
abundantly  ridiculous  to  alk,  Who  impreffed  motion 
on  every  body  at  the  beginning  of  the  world  ?  Or, 
Who  was  the  prime  mover  ?  Thofe  who  put  the 
quefiion  admit,  then,  a  beginning,  and,  confcquently, 
u  creation ;  but  they  imagine  that  God  created  all 
bodies  at  reft.  Now,  it  may  be  anfwered.  That  he 
who  could  create  bodies  could  imprefs  motion  upon 
them.*  I  afk  them,  in  my  turn.  If  they  believe  it  to 
be  more  eafy  to  create  a  body  at  reft  than  in  motion? 
They  both  equally  require  the  omnipotence  of  God, 
and  this  queftion  belongs  not  to  the  province  of  phi- 
lofophy. 

But  when  a  body  has  once;  received  motion,  it 
preferves  that  motion  by  it's  own  nature,  or  by  it's 
inertia^  in  the  fame  ftate  in  which  it  muft  conftantly 
remain,  until  a  force,  or  fome  foreign  caufe,  oppofe 
an  obftacle  to  it.  As  often,  then,  as  we  obferve  that 
a  body  does  not  remain  in  the  fame  ftate,  that  a 
body  at  reft  begins  to  move,  or  that  a  body  in  mo- 
tion changes  it's  direction,  or  velocity,  we  Aiuft  ad* 
mit  that  this  change  has  it's  caufe  out  of  the  body, 
and  that  it  is  occafioned  by  a  foreign  force.  Thus, 
as  a  ftone,  left  to  itfelf,  defcends,  the  caufe  of  that 
defcent  is  foreign  to  the  body,  and  it  is  not  fi'om  it*s 
pwn  nature  that  the  body  defcends,  tut  from  the  ef- 
feft  of  a  foreign  caufe,  to  which  we  give  the  name 
fdi  gravity. 

Gravity,  then,  is  not  an  intrinsic  property  of  body; 
Vol.  I.  U  it 
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it  is  rather  the  effect  of  a  foreign  force,  the  Iburce  o^ 
which  muft  be  fought  for  out  of  the  body.  This  is 
geometrically  true,  though  we  know  not  the  foreign 
forces  which  occaiion  gravity.  It  is  the  fame  when 
we  throw  a  ftone.  We  fee  clearly,  that  it  does  not 
follow,  in  it*s  motion,  the  dire<9ion  of  a  llraight 
line,  and  that  it's  velocity  does  not  always  continue 
the  fame.  It  is  gravity,  likewife,  which  changes  the 
diredion  or  the  velocity  of  the  body ;  but  for  it^ 
the  ftone  would  defcribe  a  ftraight  line  in  the  sur^ 
and  proceed  forward  with  the  fame  velocity ;  and 
were  gravity  to  be  fuddenly  annihilated,  during  the 
motion  of  the  ftone,  it  would  continue  to  moye  in  a 
fli'aight  line,  and  would  preferve  the  fame  direftion, 
and  the  fame  velocity,  which  it  had  at  the  inftant 
when  gravity  ceafed  to  aft  upon  it. 

But  as  gravity  acts  continually,  and  upon  all  bodies, 
we  need  not  be  furprized,  that  wfe  meet  with  no  mo- 
tion in  which  the  direftion  and  the  velocity  continue 
the  fame.  The  cafe  of  reft  may  very  well  take  place; 
it  is  when  fomething  invincibly  oppofes  the  fall  of  a 
body ;  thus  the  floor  of  my  apartment  prevents  my 
falling  into  that  below  it.  But  the  bodies  which  ap- 
pear to  us  at  reft,  arc  carried  along  by  the  motion  of 
the  earth,  which  is  neither  reciilinear  nor  uniform : 
it  cannot  be  affirmed,  therefore,  that  thcfe  bodies  re- 
main  in  the  fame  ftate.  Neither  is  there  one  of  the 
heavenly  bodies  v/hich  moves  in  a  ftraight  line,  and 
always  with  the  fame  velocity  :  they  are  continually 
changing  their  ftate ;  and  even  the  forces  v/hich  pro- 
duce 
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duce  this  continual  change  are  not  unknown  to  us ; 
they  are  the  attraftive  powers  which  the  heavenly 
bodies  exercife  over  one  another. 

I  have  already  remarked,  that  thefe  forces  may, 
very  probably,  be  caufed  by  the  fubtile  matter  which 
futrOXinds  all  the  heavenly  bodies,  and  fills  the  whdltf 
i^ace  of  the  heavens ;  but,  according  to  the  opinion 
of  tbofe  who  confider  attraction  as  a  power  inherent 
in  matter,  this  force  is  always  foreign  to  the  body  on 
which  it  afts.  Thus,  when  we  fay  the  earth  is  at- 
tra&ed  toward  the  fun,  it -is  acknowledged,  that  the 
force  which  afts  upon  the  earth  is  not.  refident  in  the 
earth  itfelf,  but  in  the  fun ;  as  in  fad,  if  the  fun  did 
not  exift,  there  would  be  no  fuch  force. 

This  opinion,  however,  that  attraction  is  effential 
to  all  matter,  is  fubjeft  to  fo  many  other  inconveni- 
ences, that  it  is  hardly  poffible  to  allow  it  a  place  in  a 
rational  philofophy.  It  is  certainly  much  fafer  to 
proceed  on  the  idea,  that  what  is  called  attraftion,  is 
a  power  contained  in  the  fubtile  matter  which  fills 
the  whole  fpace  of  the  heavens ;  though  we  cannot 
tell  how.  We  muft  accuftom  ourfelves  to  acknow- 
ledge our  ignorance  on  a  variety  of  other  important 
fiibjefts. 

nth  N&vemhery  1760. 
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LETTER  LXXVI. 

Sx/iem  of  the  Monads  of^oMSL 

BEFORE  I  attempt  to  make  you  fenfible  of  the 
truth  of  the  principle,  that  all  bodies,  of  them- 
lelves,  always  prefcrve  the  fame  ftate  of  reft,  or  mo- 
tion, I  muft  remark,  that  if  we  confult  experience 
only  on  the  fubjed,  without  thoroughly  inveftigating 
it  by  the  powers  of  reafoning,  we  would  be  dii^fed 
to  draw  the  diredly  oppofite  conclufion,  jmd  to  main- 
tain. That  bodies  always  have  a  propenfity  to  be  coii- 
tinually  changing  their  ftate ;  as  we  fee  nothing  in 
the  whole  univerfe,  but  a  perpetual  change  in  the 
ftate  of  bodies.  But  we  have  juft  Ihewn  what  are 
the  caufes  which  produce  thefe  changes,  and  we  are 
affured,  that  they  are  not  to  be  found  in  the  bodies 
whofc  ftate  is  changed,  but  out  of  them.^ 

The  principle,  then,  which  we  have  eflabliflied,  is 
fo  far  from  being  contradicted  by  experience,  that  it 
is,  on  the  contrary,  confirmed  by  it.  You  will  eafily 
judge  from  this,  how  feveral  great  philofophers, 
milled  by  an  experience  not  accurately  underftood, 
have  fdlen  into  the  error  of  maintaining.  That  all 
bodies  are  endowed  with  powers,  difpoiing  them 
continually  to  change  their  ftate. 

It  is  thus  that  Wolff  hzs  reafoned.  He  fays :  i.  Ex- 
perience fliews  us  all  bodies  perpetually  changing 
their  ftate ;  2.  Whatever  is  capable  of  changing  the 
ftate  of  bodies,  is  called  force  j  3.  All  bodies,,  there- 
fore. 
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fore,  are  endowed  >4dth  a  force  capable  of  changing 
their  ftate ;  4.  Every  bo4y,  therefore,  is  making  a 
continual  effort  to  change ;  5.  Now,  this  force  be- 
longs to  body,  only  fo  far  as  it  contains  matter ;  6.  It 
is,  therefore,  a  property  of  matter  to  be  continually 
changing  it's  own  ftate  ;  7.  Matter  is  a  compound  of 
a  multitude  of  parts,  denominated  the  elements  of 
matter ;  therefore,  8.  As  the  compound  can  have  no* 
thing  but  what  is  founded  in  the  nature  of  it's  ele- 
ments, every  elementary  part  muft  be  endowed  with 
the  power  of  changing  it's  own  ftate. 

Tliefe  dements  are  fimple  beings ;  for  if  they  were 
compofed  of  parts,  they  would  be  no  longer  elements, 
but  their  parts  would  be  fo.  Now,  a  fimple  being  is 
likewife  denominated  monad;  every  monad,  there- 
fore,' has  the  power  of  continually  changing  it's  ftate* 
Such  is  the  foundation  of  the  fyftem  of  monads, 
which  you  may  have  heard  mentioned,  though  it 
does  not  now  make  fuch  a  noife  as  it  formeriy  did. 
I  have  marked  by  figures  the  feveral  propofitions  on 
which  it  is  eftabliflied,  for  the  purpofe  of  making  a 
more  diftindt  reference,  in  the  refleftions  I  mean  to 
make  upon  them. 

I  have  nothing  to  fay  refpefting  the  firft  and  fe- 
cond ',  but  the  third  is  very  equivocal,  and  altogether  • 
falfe,  in  the  fenfe  in  which  it  is  taken.  Without 
meaning  to  fay,  that  the  forces  which  change  the 
ftate  of  bodies,^  proceed  from  fome  fpirit,  I  readily 
agree,  that  the  force,  by  which  the  ftate  of  every  body 
h  changed,  fubfifts  in  body,  but,  it  being  always  un- 
derftood,  that  it  fubfifts  in  another  body,  and  never 

U3  in 
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in  that  which  undergoes  the  change  of  ftate ;  which 
has  rather  the  contrary  quality,  that  of  perfever- 
ing  in  the  fame  ftate.  In  fo  far,  ihen,  as  thefe  forces 
fubfift  in  bodies,  it  ought  to  be  faid,  that  thefe  bodies, 
as  long  as  they  have  certain  connexions  with  each 
other,  may  be  capable  of  fupplying  forces  by  which 
the  ftate  of  another  body  is  changed.  It  follows, 
that  the  fourth  propofition  muft  be  abfolutely  fialfe ; 
and  the  refult,  from  all  that  went  before,  rather  is, 
that  every  body  is  endowed  with  the  power  of  re- 
maining in  the  fame  ftate,  which  is  diredUy  the  op* 
pofite  of  the  conclufion  which  thefe  philofophers  have 
drawn. 

And  I  muft  here  remark,  that  it  is  rather  abfiird 
to  give  the  name  of  force  to  that  quality  of  bodies 
by  which  they  remain  in  their  ftate ;  for  if  we  are 
to  underftand  by  the  term  force  every  thing  that  is 
capable  of  changing  the  ftate  of  bodies,  the  quality 
by  which  they  perfevere  in  their  ftate,  is  rather  the 
oppofite  of  a  force.  It  is,  therefore,  by  an  abufe  of 
language,  that  certain  authors  give  the  name  of  force 
to  the  inertia^  which  is  that  quality,  and  which  they 
denominate  the  inert  force. 

But,  not  to  wrangle  about  terms,  though  this  abufe 
may  lead  to  very  grofs  errors,  I  return  to  the  fyftem 
of  monads  :  and  as  propofition  4,  is  falfe,  thofe  that 
follow,  which  are  fucceffively  founded  upon  it,  muft, 
of  neceflity,  be  fo  too.  It  is  falfe,  then,  likewife,  that 
the  elements  of  matter,  or  monads,  if  fuch  there  be, 
are  poiTeiled  of  the  power  of  changing  their  ftate. 
liie  trutln  is  rather  to  be  founded  in  the  oppofite 

quality. 
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quaKty,  that  of  perfevering  in  the  fame  ftate ;  and 
thereby  the  whole  fyftem  of  monads  is  completely 
fubverted. 

Thefe  p^ilofophers  attempted  to  reduce  the  ele- 
ments of  matter  to  the  clafs  of  beings,  which  com^ 
prehends  fpirits  and  fouls,  endowed,  beyond  the 
power  of  contradiction,  with  the  faculty  of  changing 
their  ftate  j  for,  while  I  am  writing,  my  foul  conti- 
nually reprefents  other  objefts  to  itfelf,  and  thefe 
changes  depend  entirely  on  xnj  will :  I  am  thoroughly 
convinced  of  it,  and  not  the  lefs  fo,  that  I  am  maf- 
ter  of  my  own  thoughts  ;  whereas  the  changes  which 
take  place  in  bodies,  are  the  effect  of  an  extrafieoua 
force.   ' 

Add  to  this,  the  infinite  difference  between  the 
ftate  of  body,  capable  only  of  one  velocity  and  of  one 
direftion,  and  the  thoughts  of  fpirit,  and  you  will 
be  entirely  convinced  of  the  faHehood  of  the  fenti- 
ments  of  the  materialifts,  who  pretend  that  fpirit  is 
only  a  modification  of  matter.  Thefe  gentlemen 
have  no  knowledge  of  the  real  nature  of  bodies. 

15M  November,  1760. 
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LETTER    LXXVII. 

Origin  and  Nature  of  Powers  k 

IT  is,  undoubtedly,  very  furprizing,  that,  if  every 
body  has  a  natural  difpofition  to  preferve  itfelf 
iia  the  fame  ftate,  and  even  to  oppofe  all  change,  all 
the  bodies  in  the  univerfe  fhould,  neverthelefs,  be 

U  4  continually 
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continually  changing  their  ftate.  We  are  well  aflurcd, 
that  this  change  can  be  produced  only  by  a  force 
not  refident  in  the  body  whofe  ftate  is  changed. 
Where,  then,  muft  we  look  for  thofe  powers,  which 
produce  the  inccflaiit  changes  that  take  place  in  all 
the  bodies  of  the  univerfc ;  ar.d  which  are,  neverthe? 
Icfs,  foreign  to  body  ? 

Muft  wc  then  fuppofe,  bcfidcs  thcfc  exifting  bodies, 
particular  beings  which  contuiii  thofe  powers  ?  Or, 
are  the  powers  thcmfclvcs  particular  fubftances  exift- 
ing in  the  world  ?  We  know  but  of  two  kinds  of 
beings  in  it,  the  one  which  comprehends  all  bodies, 
and  the  other  ail  intellccluitl  beings,  namely,  the 
fpirits  and  fouls  of  mcr..  and  thofe  of  animals.  Muft. 
we  eftabliili,  then,  in  the  \\'orld,  befides  body  and 
Ipirits,  a  l|iird  fpccics  of  beings,  under  the  name  of 
power,  or  force  ?  Or,  are  they  ijpirits  which  inceflantly 
change  the  ftate  of  bodies  ? 

Both  of  thefe  labour  under  too  many  difficulties 
to  be  haftily  adopted.    Though  it  cannot  be  denied, 
that  the  fouls  of  men,  and  of  beafts,  have  the  power 
of  producing  changes  in  their  bodies,  it  were,  how- 
ever, abfurd  to  maintain,  that  the  motion  of  a  ball, 
Mffiard  table,  was  retarded  and  deftroyed  by 
i  or  that  gravity  was  produced  by  a  fpirit 
ig  bodies  downward ;  and  that  the 
hich,  in  their  motion,  change  both 
ity,  were  fubjecled  to  the  action 
g  to  the  fyftem  of  certain  ancient 
►  affigned  to  each  of  the  heavenly 
'  *>^gel,  who  directed  it*s  courfe. 

Now, 
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Now,  on  reafoning  with  folidity,  refpefting  the 
phenomena  of  the  univerfe,  it  muft  be  admitted, 
that,  if  we  except  animated  bodies,  that  is,  thofe  of 
men  and  beafts,  every  change  of  ftate  which  befalls 
other  bodies,  is  produced  by  merely  corporeal  caufes, 
in  which  fpirits  have  no  fliare.  The  whole  quef- 
tion,  then,  is  reduced  to  this,  Whether  the  forces 
which  change  the  ftate  of  bodies,  exift  feparately, 
and  conftitute  a  particular  fpecies  of  beings,  or  whe- 
ther they  exift  in  the  bodies  ? 

This  laft  opinion  appears,  at  firft  fight,  very  unac- 
countable ;  for  if  all  bodies  have  the  power  of  pre- 
ferving  themfelves  in  the  fame  ftate,  how  can  it  be 
poffible  they  fliould  contain  powers  that  have  a  ten- 
dency to  change  it  ?  You  will  not  be  furprized  to 
bear,  that  the  origin  of  force  has,  in  all  ages,  been  a 
ftumhling-block  to  philofophers.  They  have  all  eon- 
fidered  it  as  the  greateft  myftery  in  nature,  and  as 
likely  to  remain  for  ever  impenetrable.  I  hope, 
however,  I  fhall  be  able  to  prefent  you  with  a  folu- 
tion,  fo  clear  of  this  pretended  myftery,  that  all  the 
difficulties  which  have  hitherto  appeared  infurmount- 
able,  ihaU  wholly  vanifti. 

■  I  lay,  then,  that  however  ft  range  it  may  appear, 
this  faculty  of  bodies,  by  which  they  are  difpofed  to 
preferve  themfelves  in  the  fame  ftate,  is  capable  of 
fupplying  powers  which  may  change  that  of  others. 
1^0  not  fay,  that  a  body  ever  changes  it's  own  IcAte, 
but  that  it  may  become  capable  of  changing  that  of 
another.  In  order  to  enable  you  to  get  to  the  bot- 
tom of  this  myftery,  refpecling  the  origin  of  force, 

it 
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it  will  be  fufficient  to  confider  two  bodies,  as  if  no 
others  exifted* 

Let  the  body  A  (plate  III.^^.  4.)  be  at  reft,  and  let 
the  body  B  have  received  a  motion  in  the  direftion 
B  A,  wth  a  certain  velocity.  This  being  laid  down, 
the  body  A  is  difpofed  to  continue  always  at  reft ; 
and  the  body  B  to  continue  it's  motion  along  the 
firaight  line  B  A,  always  \vith  the  fame  velocity,  and 
both  the  one  and  the  other  in  virtue  of  it's  inertia. 
The  body  B  will,  at  length,  then  come  to  touch  the 
body  A.  What  will  be  the  confequcnce  ?  As  long  as 
the  body  A  remains  at  reft,  the  body  B  could  not 
continue  it's  motion,  'without  palling  through  the 
body  A,  that  is,  without  penetrating  it ;  it  is  im- 
pofiible,  then,  that  each  body  fhould  preferve  itfdf 
in  it's  ftate,  without  the  one's  penetrating  the  other. 
But  this  penetration  is  impoflible;  impenetrability 
bdng  a  property  common  to  all  bodies. 

It  being  impoffible,  then,  that  both  the  one  and  the 

other  ihould  preferve  it's  fiate,  the  body  A  muft  ab- 

fi>hitcly  begin  to  move,  to  make  way  for  the  body 

B»  that  it  may  continue  it's  motion ;  or,  that  the 

body  B,  having  come  dofe  to  the  body  A,  muft  have 

it's  motion  deftroyed ;  or,  the  ftate  of  both  muft  be 

chained,  as  much  as  is  neceflary,  to  put  them  in  a 

i£tion  to  continue,  afterward,  each  in  his  proper 

>  without  xnutoal  penetration. 

^cr  the  a»c  body,  therefore,  or  the  other,  or 

*  muft  ab^<>^^^^  undergo  a  change  of  their 

9  and  the  cr^^^  ^^  ^^  change,  infallibly  exift^  in 

unpenetr^K    dlity  ^  ^^  bodies  thcmiclves  -,  fince 

every 
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every  caufe,  capable  of  changing  the  ftate  of  bodies, 
is  demonftrated  yirr^,  it  is  then,  of  neceffity,  the  im- 
penetrability of  the  bodies  themfelves,  which  pro- 
duces the  force,  by  which  this  change  is  eflfefted. 

In  faft,  as  impenetrability  implies  the  impoffibility, 
that  bodies  fliould  mutually  penetrate,  each  of  them 
oppofes  itfelf  to  all  penetration,  even  in  the  minuteft 
parts ;  and  to  oppofe  itfelf  to  penetration,  is  nothing 
dfe,  but  to  exert  the  force  neceflary  to  prevent  it. 
As  often,  then,  as  two  or  more  iDodies  cannot  pre- 
ferve  themfelves  in  their  ftate,  without  mutual  pene- 
tration, their  impenetrability  always  exerts  the  force 
neceflary  to  change  it,  as  far  as  is  requifite,  to  pre- 
vent the  flighteft  degree  of  penetration. 

The  impenetrability  of  bodies,  therefore,  contains 
the  real  origin  of  the  forces,  which  are  continually 
changing  their  ftate  in  this  world :  and  this  is  the 
true  folution  of  the  great  myftery,  which  has  per- 
plexed philofophers  fo  grievoufly. 

iSth  November  J  1760. 
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LETTER    LXXVm. 

The  fame  Subjed.     Principle  of  the  leafi  fojftble  AStion. 

X7"OU  have  now  made  very  confiderable  progrefs 
-■-  in  the  knowledge  of  nature,  from  the  explana- 
tion of  the  real  origin  of  the  powers  capable  of 
changing  the  ftate  of  bodies ;  and  you  are,  at  pre- 
fent,  in  a  condition  eafily  to  comprehend,  w^hy  all 

thofe 
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When,  therefore,  a  fmall  force  fuffices  to  prevent  pe- 
netration, impenetrability  exerts  that,  and  no  more  ; 
but  when  a  great  force  is  neceffary  for  this  purpofe, 
impenetrability  is  ever  in  a  condition  to  fupply  it* 
•  Thus,  though  impenetrability  fupplies  thefe  powers, 
it  is  impoffible  to  fay,  that  it  is  endow^ed  with  a  de- 
terminate force ;  it  is  rather  in  a  condition  to  fupply 
all  kinds  of  force,  great  or  fmall,  according  to  cir- 
cumftances;  it  is  even  an  inexhauftible  fource  of 
them*  As  long  as  bodies  are  endowed  with  impene- 
trability, this  is  a  fource  which  cannot  be  dried  up  ; 
this  force  abfolutely  muft  be  exerted,  or  bodies  muft 
mutually  penetrate,  which  is  contrary  to  nature. 

It  ought,  likewife,  to  be  remarked,  that  this  force 
i^  never  the  efFeft  of  the  impenetrability  of  a  finglc 
body ;  it  refults  always  from  that  of  all  bodies  at 
t)nce,  for^  if  one  of  the  bodies  was  penetrable,  the 
penetration  would  take  place,  without  any  need  of  a 
power  to  effeft  a  change  in  their  ftate.  When,  there- 
£Dre,  two  bodies  come  into  contaft,  and  when  they 
oannot  coi^tinue  in  their  ftate  without  penetrating 
each  other,  the  impenetrability  of  both  ads  equally  ; 
and  it  is  by  their  joint  operation,  that  the  force  ne- 
ceflary  to  jwrevent  the  penetration  is  fupplied : .  we 
then  lay,  that  they  acl  upon  each  other,  and  that  the 
force,  refulting  from  their  impenetrability,  produces 
tills  efieft.  This  force  afts  upon  both  of  them  ;  for 
2tt  they  have  a  tendency  toward  mutual  penetration, 
xt  repds  both  the  one  and  the  other,  and  thus  pre- 
sents their  penetration. 


T^ 
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It  is  certain,  then,  that  bodies  may  acl  upon  each 
other ;  and  we  fpeak  fo  frequently  of  this  action,  as 
when  two  billiard  balls  dafh,  it  is  iaid,  the  one  ads 
upon  the  other,  that  you  muft  be  well  acquainted 
with  this  mode  of  expreffionj  But  it  muft  be  care- 
fiiUy  remarked,  that,  in  general,  bodies  do  not  ad 
upon  each  other,  but  in  fo  far  as  their  ftate  becomes 
contrary  to  impenetrability ;  from  whence  refults  a 
force  capable  of  chan^ng  it,  precifely  fo  much  as  is 
neceflary  to  prevent  any  penetration ;  fo  that  a  fmall 
force  ^'ould  not  have  been  fufficient  to  produce  this 
effed. 

It  is  very  true,  that  a  greater  force  would,  like- 
wife,  prevent  the  penetration  ;  but  when  the  change 
produced  in  the  ftate  of  bodies  is  fufficient  to  pre- 
vent  mutual  penetration,  the  impenetrability  ads  no 
farther,  and  there  refults  from  it  the  leaft  force  that 
is  capable  of  preventing  the  penetration.  Since, 
then,  the  force  is  the  fmalleft,  the  efied  which  it  pro- 
duces, that  is,  the  chzLnge  of  flate  which  it  operates, 
in  order  to  prevent  penetration,  will  be  proportional; 
and,  confequently,  when  two  or  more  bodies  come 
into  contad,  fo  that  no  one  could  continue  in  it's 
fiate  without  penetrating  the  others,  a  mutual  adtion 

bIE^  take  jdace,  which  b  always  the  fmalleft  that 

of  preventing  penetration. 

%id  here,  therefore,  beyond  all  expeda- 

odation  of  the  fyftem  of  the  late  Mr. 

p  (q  much  cried  up  by  fome,  and  fo  vio- 

=d  by  others.    His  principle  is,  that  of 

the 
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the  leaft  poffible  action ;  by  which  he  means,  that^ 
in  all  the  changes  which  happen  in  nature,  the  caufc 
which  produces  them,  is  the  leaft  that  can  be. 

From  the  manner  in  wliich  I  have  endeavoured  to 
unfold  this  princijde  to  you,  it  is  evident,  that  it  b 
perfectly  founded  in  the  very  nature  of  body,  and 
that  thofe  who  deny  it,  are  m,uch  in  the  wrong, 
though  ftill  lefs  than  thofe  who  would  turn  it  into 
ridicule*  You  will  already,  perhaps,  have  remark- 
ed, that  certain  perfons,  no  great  friends  to  Mr.  de 
Maupertuis^  take  every  opportunity  of  laughiiig  at 
the  principle  of  the  leajl  poffible  adion,  as  well  as  at 
the  hole  continued  down  to  the  centre  of  the  earth ; 
but,  fortunately,  truth  fuffers  nothing  by  their  plea- 
iantry. 

%2d  Nov.  i;6o. 
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LETTER   LXXIX. 

^  * 

On  the  Quejiloiiy  Are  there  any  other  Species  of  Poivers  ? 

npHE  origin  of  powers,  founded  on  the  impcnc. 
trability  of  bodies,  which  I  have  been  endea- 
vouring to  explain,  is  by  no  means  inconfiftent  with 
the  opinion  of  thofe  who  maintain,  that  the  fouls  of 
men,  and  thcrfe  of  beafts,  have  the  power  of  acting 
on  their  bodies.  There  is  nothing  to  hinder  the 
cxifience  of  two  kinds  of  power,  which  produce  al^ 
the  changes  that  take  place  in  the  world ;  the  one 
corporeal^  which  derives  it's  origin  from  the  impe-. 

netrabilitr 
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netrability  of  bodies :  and  the  other  fpiritttaf,  which 
the  fouls  of  animals  exercife  over  their  bodies  :  but 
this  laft  power  operates  only  upon  animated  bodies  i 
and  the  Creator  has  fo  clearly  diftinguifhed  it  from 
the  other,  that  it  is  not  permitted,  in  philofophy,  to 
confound  them. 

But  this  diftinftion  greatly  embarraffes  thofe,  who 
confider  attraction  as  an  inherent  quality  of  bodies ; 
for,  if  they  act  upon  each  other,  only  to  maintain 
their  impenetrability,  attraction  cannot  be  referred 
to  this  cafe.  Two  diftant  bodies  may  preferve  each 
it*s  ftate,  without  at  all  interefting  their  impenetra- 
bility, and  without  there  being  any  reafon,  of  con- 
fequence,  why  the  one  fhould  aft  upon  the  other, 
even  by  attrafting  it. 

Attraftion,  therefore,  ought  to  be  referred  to  a 
third  fpecies  of  power,  which  fliould  be  neither  cor- 
poreal nor  fpiritual.     But  it  is  always  contrary  to 
the  rules  of  a  rational  philofophy  to  introduce  a  new 
fpecies  of  powers,  before  their  exiftence  is  incontef- 
tably  demonflrated.     It  would  have  been  neceflary, 
therefore,  for  this  effeft,  to  have  proved,  beyond 
contradiftion,  that  the  power4  by  which  bodies  mu- 
tuaDjr  attraft,  could  not  derive  their  origin  from  the 
bdle  matter  which  furrounds  them ;  but  this  im- 
flK)flity  is  not  yet  demonfttated.     It  would  appear, 
the  coiltrary,  that  the  Creator  has  exprefsly  filled 
whole  i^ace  of  the  heavens  with  a  fubtile  matter, 
gi^'B  hirth  to  thefe  powers,  which  impel  bodies  to- 
«I  each  tether,  conformably  to  the  law,  before 
afced^  l^j^cfpefltiBg  their  impenetrability. 

In 
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In  fact,  the  fubtile  matter  might  very  well  have  a 
motion  fuch  as  that  a  body  in  it  fhould  not  be  able 
to  preferve  it's  ftate,  without  being  penetrated  by 
it ;  and  then  this  fprce  muft  be  derived,  as  well  from 
the  impenetrability  of  the  fubtile  matter,  as  from 
that  df  the  body  itfelf. 

Were  there  a  fingle  cafe  in  the  world,  in  which 
.  two  bddies  attrafted  each  other,  while  the  interme- 
diate fpace  was  not  filled  with  a  fubtile  matter,  the 
reality  of  attraftion  might  very  well  be  admitted  ^ 
but  as  no  iuch  cafe  exifts,  we  have,  confequently, 
reaibn  to  doubt,  nay,  even  to  rejeft  it.  We  know, 
then,  but  two  fources  of  aK  the  powers  which  pro- 
duce thefe  changes,  the  impenetrability  of  body, 
and  the  adtion  of  fpirit. 

The  difciples  of  Wolff' rcjed:,  likewife,  this  law,  and 
maintain.  That  no  fpirit,  or  immaterial  fubftance, 
can  adE  upon  a  body  j  and  they  are  very  much  em- 
barrafifed,  when  it  is  alleged,  that,  according  to  them, 
God  himfelf,  who  is  a  fpirit,  could  not  have  the 
power  of  a&ing  upon  bodies,  which  favours  ftrongly 
of.  atheifm.  They  are,  accordingly,  reduced  to  this 
feeble  reply,  that  it  is  by  infinity  God  is  able  to  aft 
upoiL  body ;  but  if  it  be  impoffible  for  a  fpirit,  as  a 
fpirity  to  aft  upon  a  body,  this  impotence  neceffarily 
recoils  on  God  himfelf.  And  who  can  deny,,  that 
our  foul  acbs  upon  our  body  ?  I  am  to  fuch  a  degree 
mailer,  of  my  members,  that  I  can  put  them  in  ac- 
tion as  I  pleafe.  Tlie  fame  thing  may  be  affirmed, 
Ukewiie,  of  the  brute  creation ;  and  .as,  according 
to  the  fyftein  of  Defcartesy  at  which  we  have  good 

VdL.L  X  rcafon 
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reafon  to  fmile,  beafis  are  mere  machines,  without 
any  feeling,  like  a  watch,  as  the  Wolfians  would  have 
it,  men  too  are  merely  machines. 

Thefe  fame  philofophers,  in  their  fpeculations,  go, 
likewife,  fo  far  as  to  dery  the  firft  fpedes  of  powers, 
of  which  they  know  nothing.  For,  not  being  aUe 
to  comprehend  how  one  body  afts  iq)on  another, 
they  boldly  deny  it's  adion,  and  maintain,  that  all 
the  changes  which  befell  a  body,  are  produced  by  it'^ 
own  powers. 

ITiey  are  the  philofophers  whom  I  formerly  men- 
tioned, as  denying  the  firft  principle  of  mechanics, 
refpefting  the  prefervation  of  the  fame  ftate,  which 
is  fufficient  to  fubvert  their  whole  fyftem.  The  er- 
ror into  which  they  have  feUen^^as  I  have  alr^uiy 
remarked,  arifes  &om  their  reafoning  incondu£vely 
refpefting  the  phenomena  .which  bodies  prefent  to 
us.  They  concluded  precipitately,  from  rf>£erving 
almoft  all  bodies  continually  changing  their  fhite, 
that  they  contained  in  themfelves  the  powers,  by 
which  they  inceffantly  exert  themfelves  to  change  it, 
whereas  they  ought  to  have  drawn  the  direftly  op- 
pofite  condufion. 

It  is  thus,  that,  by  confidering  objeAs  in  a  fuper^ 
fidal  manner,  we  hurry  into  the  groffeft  errors.  I 
have  already  pointed  out  the  defects  of  this  reafon- 
ing ;  but,  once  fallen  into  error,  they  have  abandon- 
ed themfdves  to  the  moft  abfurd  ideas.  They,  firft, 
alcribed  thefe  internal  powers  to  the  primary  de- 
ments of  matter,  which,  according  to  them,  are  con- 
tiniial  efforts  to  change  their  ftate,  and  conduded 

£rom 
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from  it,  that  all  the  changes  to  which  every  element 
is  fubjefted,  are  produced  by  it's  own  power,  and 
that  two  elements,  or  fimple  beings,  cannot  a6t  upon 
each  other.  This  being  laid  down,  it  was  neceflary 
to  diveft  fpirits,  as  fiinple  beings,  of  all  power  of  aft- 
ing  upon  body,  excepting,  however,  the  Supreme 
Being ;  aild  then,  as  bodies  are  compofed  of  fimple 
beings,  they  were  under  the  neceffity  of  denying, 
alfo,  that  bodies  could  ad  upon  each  other. 

It  was  in  vain  to  objcft  to  them,  the  cafe  of  bodies 
which  daih,  and  the  change  of  their  ftate,  which  re- 
fults  from  it.  Obftlnately  prepoffefled  in  favour  of 
the  folidity  of  their  reafoning,  they  fcorned  to  aban- 
don it :  they  chofe  rather  to  affix  m,  that  every  body, 
from  it's  own  nature,  produces  the  change  which  be- 
falls it,  and  that  the  collifon  has  nothing  to  do  with 
it ;  that  it  is  a  mere  illufion  which  makes  us  believe 
the  coUiibn  to  be  the  caufe  of  it ;  and  they  go  off  in 
triumph  at  the  fublimity  of  a  philofophy,  fo  far  be- 
yond the  comprehenfion  of  the  vulgar.  You  are 
now  in  a  condition  to  eftimate  it,  according  to  it's 
realim^rtance. 

ayb  Novemier,  1760. 

LETTER     LXXX. 

Of  the  Nature  of  Spirits. 

T  FLATTER  myfelf,.that  you  are  now  convinced 
*  of  the  folidity  of  the  reafonings,  on  which  I  have 
cftabliihed  the  knowledge  of  bodies,  and  that  of  the 

Xa  powers 
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powers  which  change  the  ftate  of  them.  The  whol^ 
is  founded  on  experiments  the  moft  decifive,  and  om 
principles  dictated  by  reafon.  They  involve  no  ab^ 
furdity,  nor  are  they  contradicled  by  other  principles^ 
equally  certain.  It  is  not  long  fince  any  fucceisful 
progrefs  was  made  in  refearch^  of  this  kind.  ;  Such 
ftrange  ideas  were,  formerly,  entertained  refpe^ting 
the  nature  of  bodies,  that  all  kinds  of  powers  were 
afcribed  to  them,  of  which  fome  muft  neceflarily  dc- 
ftroy  the  others. 

Certain  philofophers  have  even  gone  fo  far,  as  to 
imagine,  that  matter  itfelf  might  be  endowed  with 
the  faculty  of  thought.  Thefe  gentlCTfien,  known 
by  the  name  of  materialijis^  maintain,  that  our  fouls, 
and  all  fpirits,  in  general,  are  material ;  or  rather, 
they  deny  the  exiffence  of  fouls  and  fpirits.  But 
when  once  we  have  got  into  the  right  road  to  the 
knowledge  of  bodies  ;  the  inertia^  by  virtue  of  which 
they  continue  in  their  ftate ;  and  impenetrability^  that 
quality  by  which  they  are  fubje<5led  to  powers 'ca-i 
pable  of  changing  it ;  all  thafc  phantoms  of  powers, 
lo  which  I  alluded,  vanifh  away,  and  nothing  appears 
a  more  glaring  abfurdity  than  to  affirm,  that  matter 
is  capable  of  thought.  To  think,  to  judge,  to  rea* 
fon,  to  poffefs  mental  feeling,  to  refleft  and  will,  are 
qualities  incompatible  with  the  nature  of  bodies  ;  and 
beings  invefted  with  them,  muft  be  of  a  different  na- 
ture. Such  are  fouls  and  fpirits  ;  and  He  who  pof- 
feffes  thofe  qualities  in.the  higheft  degree,  is  Goi>. 

There  is,  then,  an  infinite  difference  between  body 
fpirit.     Extenfion,  inertia^  and  impenetrability, 

qualities. 
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^luditied  which  exclude  all  thought,  are  the  pro- 
perties of  body  :  but  fpirit  is  endowed  with  the  fa- 
jculjty  of  thinking,  of  judging,  of  reafonihg,  of  feel- 
ing, of  reflecting,  of  willing,  or  of  determining,  in 
fevpui*  of  one  object  preferably  to  another.  There 
W  here  neither  extenfion,  nor  inertia^  nor  impenetra- 
bility ;  thefe  material  qualities  are  infinitely  remote 
from  fpirit. 

It  is  aiked.  What  is  a  fpirit  ?  I  acknowledge  my  ig.- 
nOrance  in  refped  of  this,  and  I  reply.  That  we  can- 
not tell  what  it  is,  as  we  know  nothing  of  jthe  nature 
of  fpirit. 

.  But  it  is  not  the  lefs  certain,  that  this  world  con- 
tains two  kinds  of  beings  ;  beings  corporeal  or  matC" 
rial,  and  beings  immaterial  or  fpiritual^  which  are  of 
a  nature  entirely  different,  as  they  manifeft  them- 
felves  to  us  by  properties  which  have  no  relation  to 
each  othen  Thefe  two  fpecies  of  beings  are,  never- 
thdefs,  mofl:  intimately  united,  and  upon  their  union, 
principally,  depend  all  the  wonders  of  the  world, 
which  are  the  delight  of  intelligent  beings,  and  lead 
them  to  glorify  their  Creator. 

It  is  certain,  that  fpirits  conftitute  the  principal 
part  of  the  world,  and  that  bodies  are  introduced 
into  it  merely  to  ferve  them.  For  this  reafon  it  is, 
that  the  fouls  of  animals  are  in  an  union  fo  intimate 
with  their  bodies.  Not  only  do  the  fouls  perceive 
all  the  inftpreflibns  made  upon  their  bodies  ;  but  they 
have  the  pow:er  of  afting  upon  thefe  bodies,  and  of 
producing  in  them  correfponding  changes :  and  thus 

X  3  they 
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LETTER  LXXXIf. 

Different  Sx/iemsj  relative  to  this  SubjeSl. 

IN  order  to  elucidate  the  twofold  union  of  foul  and 
body,  we  may  compare  the  foul  to  a  man,  who 
contemplates,  in  a  dark  room,  the  external  oljedsr, 
and  from  their  images  derives  the  knowledge  c^  what 
is  paffing  out  of  the  room.  The  foul  viewing,  in:  like 
manner,  if  I  may  fo  exprefe  myfelf ,  the  extremities  of 
the  nerves,  which  unite  in  a  certain  part  of  the  brain, 
perceives  all  the  impreffions  n[iade  upon  the  nerves, 
and  arrivs  at  the  knowledge  of  the  external  objeds, 
which  have  niade  thefe  impreffions  on  the  organs  of 
fenfe.  Though  we  do  not  know  wherein  conliils 
the  refemblance  of  the  impreffions  made  on  the  ex- 
tremities of  the  nerves,  with  the  objects  themfelves 
which  occafioned  them,  they  are,  however,  very 
proper  to  fupply  the  foul  with  a  vdry  juft  idea  of 
them. 

The  aftion  by  which  the  foul,  operating  on  the 
extremities  of  the  nerves,  can  put  in  motion,  at  plea- 
fure,  the  members  of  the  body,  may  be  compared  to 
that  of  a  player  on  puppets,  who,  by  pulling  a  firing, 
makes  them  ftrut  abdut,  and  move  their  limbs  as  he 
pleafes.  This  comparifoh  is,  however,  very  imper- 
feft,  for  the  union  of  the  foul  and  body  is  in&aitely 
more  intimate. 

The  foul  is  not  fo  indifferent,  in  reQ)eft  of  feeling, 
the  man  placed  in  the  dark  room  >  it  is  much  more 

deeply 
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deeply  interefted  in  what  is  going  on.  There  are 
fenfations  highly  agreeable  to  it,  and  others  very  dif- , 
agreeable,  and  even  painful.  What  more  difitgree- 
able  than  acute  pain,  though  it  proceed  but  from  a 
bad  tooth  ?  This,  however,  is  no  more  than  a  nerve 
irritated  in  a  certain  manner,  and  yet  it  excites,  in 
the  foul,  pain  intolerable. 

In  whatever  light  we  confider  the  ftrift  unipn  of 
foul  and  body,  which  conftitutes  the  effence  of  a  liv- 
ing man,  it  muft  ever  remain  an  inexplicable  myf- 
tery ;  and,  in  all  ages,  philofophers  have  taken  fruit- 
lefs  pains,  in  the  hope  of  arriving  at  a  fatisfaftory  folu% 
tion.    Various  fyftems  have  been  devifed  in  this  view. 
The  firft  is,  that  by  which  a  real  injB^nce  is  ef- 
tatdiflied  of  body  on  foul,  and  of  foul  on  body ;  fo 
that  the  body,  by  means  of  the  fenfes,  fupplies  the 
foul  with  it's  firft  perceptions  of  external  things ; 
and  that  the  foul,  by  afting  immediately  on  the 
nerves,  in  their  origin,  excites  in  the  body  the  mo- 
tion of  it's  members ;  though  it  is,  at  the  fame  time, 
acknowledged,  that  the  manner  of  this  mutual  in- 
fluence is  abfolutely  unknown  to  us.     We  muft,  un- 
doubtedly^ have  recourfe  to  the  omnipotence  of  God, 
who  has  given  to  every  foul,  a  power  over  the  por- 
tion of  matter  containing  the  extremities  of  the 
nerves  of  the  body,  fo  that  the  power  of  every  foul 
is  reft  rifted  to  a  finaU  part  of  the  body,  whereas  the 
power  of  God  extends  to  all  the  bodies  of  the  uni- 
verfe*    This  fyftem  feems  the  moft  conformable  to 
truth,  though  we  are  very  far  from  pretending  to 
have  a  particular  kiiowledge^  of  it. 

The 
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The  other  two  fyftems  are  die  invention  of  philo- 
fophcrs,  who  boldly  deny  the  poffibility  of  a  real  Lo- 
£uence  of  fpirit  upon  bodies  j  though  they  are  under 
the  neccffity  of  allowing  it  to  the  Supreme  Being. 
According  to  them,  the  body  cannot  fupply  the  foul 
with  the  fiiH  ideas  of  external  things,  nor  the  foul 
produce  any  motion  in  the  body. 

One  of  thefe  two  fyftems  was  the  invention  of 
Def cartes ;  it  goes  by  the  name  of  thefyftem  of  occa^ 
Jional  caufes.    According  to  this  philofopher,  when 
the  organs  of  fenfe  are  excited  by  exterior  bodies, 
God  immediately  impreffes  on  the  foul,  at  the  lame 
inftant,  the  ideas  of  thefe  bodies ;  and  when  the  foul 
wills,  that^ny  member  of  this  body  fhould  move, 
ftill  it  is  God,  who  immediately  impreflcs,  on  that 
member,'  the  motion  defired,  but  all  the  while,  the 
foul  is  in  no  manner  of  connexion  with  it's  body. 
It  was,  therefore,  altogether  unneceflary,  that  the 
body  fliould  be  a  machine  of  fuch  admirable  con* 
ftruclion,  as  the  dulleft  mafs  would  have  anfwered 
the  purpofe  equally  well. 

This  fyftem,  accordingly,  foon  loft  much  of  it's 
credit,  when  the  celebrated  Leibnitz  fubftituted,  in 
it's  place,  that  of  tlie  pre-cftabliflied  harmony,  which 
you  have,  no  doubt,  frequently  heard  mentioned  in 
converfation. 

According  to  this  fyftem  oi  prc-ejiablijhed  harmony ^ 
-the  foul  and  the  body  are  two  fubftances  out  of  all 
^connection,  and  exercifing  no  manner  of  influence  on 
icach  other.  The  foul  is  a  fpiritual  fubftance,  which, 
from  it's  own  nature,  receives,  or  affumes,  all  it's 
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ideas,  it's  thoughts,  it's  perceptions,  without  the 
body's  having  jthe  leaft  fliare  in  the  matter ; '  and 
the  body  is  a  machine  moft  ingenioufly  conftru<3:- 
ed,  like  a  clock,  which  produces  all  it's  motions, 
in  fuccefhon,  without  any  manner  of  influence  or^ 
the  part  of  the  foul.  But  God,  having  forefeen, 
from  tlxe  beginning,  all  the  refolutions,  which  every 
feut  would  at  ;ev«ry  inftant  form,  arranged  the  ma- 
chine of  the  body,  fo  as  that  it's  motions  {hould>  at 
every  inftant,  harmonize  with  the  refolutions  of  the 
foul.  Thus,  when  I  at  this  moment  raife  my  hand, 
Leibnitz  fays,  that  God  having  forefeen  my  foul  would 
wiD,  at  tljis  moment,  my  hand  to  be  raifed,  difpofed 
the  machine  of  my  body  in  fuch  a  manner,  that,  in 
virtue  of  it's  proper  Organization,  my  Band  fhould 
necefiarily  rife  at  the  fame  inftant ;  and,  in  like  man- 
ner, that  all  the  motions  bf  the  members  of  the  body 
2ure  performed  in  virtue  of  their  proper  organization, 
which  has  been,  from  the  beginning,  fo  difpqfedj  as 
to  be  at  all  times  in  harmony  with  the  determina- 
tions  of  the  foul. 

•  ■  > 

6tb  December^  1 760. 
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LETTER    LXXXIII. 

Examination  of  the  S-yJlem  of  pre-ejiablijhed  Harmony. 

Ah  OhjeSlion  to  it. 

THERE  was  a  time,  when  the  fyftem  of  pre-ef- 
tablifhed  harmony  had  acquired  fuch  a  high 
reputation  over  all  Germany,  that  to  dare  to  call  it 

in 
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in  queftion  was  to  incur  the  imputation  of  ignorance, 
or  bigotry.  The  fupporters  of  this  fyftem  boafled^ 
that,  by  means  of  it,  the  omnipotence  and  omni" 
fdence  of  the  Supreme  Being  were  fet  in  their  dearefl 
light,  and  that  it  was  impoilible  for  any  one,  who 
believed  in  thefe  exalted  perfeftions  of  God,  to  en- 
tertain a  doubt  of  the  truth  of  this  fublime  fyftem. 

In  faft,  fay  they,  we  fee,  that  poor,  pitiftil  mortals^ 
are  capable  of  confirudting  machines  fo  ingenioufly, 
as  to  fill  the  vulgar  fpedator  with  aftonilhment: 
how  much  ftronger  reafon,  then,  have  we  to  admits 
that  God  having  known,  from  all  eternity,  all  that 
my  foul  would  wifli  and  defire,  at  every  inftant, 
ihould  have  been  able  to  confirud  fuph  a  machine,  ^ 
which,  at  every  inftant,  ihould  produce  motions  con- 
formable to  the  determinations  of  my  JToul  ?  Now, 
this  machine  is  precifely  my  body,  which  is  united 
to  my  foul,  only  by  this  harmony  ;  fo  that  if  the  or- 
ganization of  my  body  were  deranged  to  fuch  a  de- 
gree, as  to  be  no  longer  in  harmony  with  my  foul, 
this  body  would  no  more  belong  to  me,  than  the 
body  of  a  rhinoceros  in  the  heart  of  Africa :  and  if, 
in  the  cafe  of  a  derangement  of  my  body,  God  ihould 
adjuft  that  of  a  rhinoceros,  fo  that  it's  motions  were 
in  fuch  harmony  with  the  determinations  of  my 
foul,  as  to  raife  it's  paw  at  the  moment  I  willed  it ;  - 
this  body  would  then  be  mine,  and  would  belong  to 
my  foul,  as  my  prefent  body  now  belongs  to  it,  with- 
out  having  undergone  itfelf,  on  that  accoimt,  any 
change  whatever. 
Adr.  L^eibnitz  hirnfelf  has  compared  the  foul  and  the 

body 


pre-establisiied  harmony.  519 

body  to  two  docks,  which  continually  indicate  the 
£gEne  hour.  A  down  who  ihould  fee  this  beautiful 
harmony  of  thefe  two  docks,  would  undoubtedly 
condude,  that  they  acted  upon  each  other,  but  he 
would  be  under  a  miftake,  for  the  ome  peirforms  it's 
motions  independently  of  the  other.  The  foul  and 
the  body  are  likewife  two  naachines  totally  indepen- 
dent^ the  one  being  fpiritual,  the  other  material ;  but 
their  operations  are  always  in  a  harmony  fo  corn- 
ice, that  we  a]re  induced  to  believe  them  to  bdong 
to  each  other,  and  that  the  one  has  a  real  influence 
upon  the  other,  which  is,  however,  a  mere  illufion. 

In  order  to  form  a  judgment  of  this  fyftem,  I  re- 
mark, firft.  That  it  cannot  be  denied  to  be  poffible 
for  God  to  create  a  machine  which  fhould  be  always 
in  harmony  with  the  operations  of  my  foul ;  but  it 
2^^>ears  to  me  that  my  body  belongs  to  me  by  other 
rights  than  fuch  a  harmony,  however  beautiful  it 
may  be :  and,  I  believe,  you  will  not  be  difpofed 
haflily  to  adopt  a  fyflem  which  is  founded  on  this 
principle  alone,  that  no  fpirit  can  aft  upon  a  body ; 
and  that,  reciprocally,  -a  body  pannot  aft  upon,  or 
fupply  ideas  to,  a  fpirit.  This  prindple  is,  befides, 
defUtute  of  all  proof,  the  chimeras  of  it's  partifans, 
refpefting  fimple  beings,  having  been  completely  re- 
futed. And  if  God,  who  is  a  fpirit,  has  the  power 
of  afting  upon  bodies,  it  is  not  abfolutely  impoflible 
that  a  fpirit,  fuch  as  the  human  foul,  fliould  be  able 
likewife  to  aft  upon  a  body.  Accordingly,  we  do 
not  pretend  to  fay,  that  our  foul  afts  upon  all  bo^ 
dies,  but  only  upon  a  fmall  partide  of  matter,  with 
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refpcd  to  which  it  has  received  the  power  of  God 
himfelf,  though  to  exerdfe  it  in  a  manner  which  we 
are  utterly  unable  to  comprehend. 

Farther,  the  fyftem  of  pre-eftablilhed  harmony  la^ 
boux^  under  other  great  difficulties*  According  to 
k  the  ibul  derives  all  it's  knowledge  from  it^isowii 
proper  fund,  without  any  contribution  on  the  part 
of  the  body  and  the  fenjles.  Thus,  when  I  read  in 
the  Gazette  that  the  Pope  is  dead,  and  I  come  to  the 
knowledge  of  the  Pope's  death,  the  Gazette  and  my 
reading  have  nothing  to  do  with  the  communication 
of  this  knowledge,  as  thefe  circumftances  refpeft  only 
my  body  and  my  fenfes,  which  have  no  manner  of 
connection  with  my  foul.  But,  conformably  to  this 
fyftem,  my  foul  derives,  at  the  fame  time,  from  it's 
own  proper  fund,  the  ideas  which  it  has  of  this  fame 
Pope.  It  concludes,  he  muft  abfolutely  be  dead,  and 
this  knowledge  comes  to  it  with  the  reading  of  the 
Gazette,  fo  that  I  imagine  the  reading  of  the  Gazette 
furnifhed  me  with  this  knowledge,  though  I  really 
derived  it  from  the  proper  fund  of  my  foul. 

But  this  idea  is  perfectly. abfurd.  How  was  it  pof- 
fiblc  for  me  fo  boldly  to  affert,  that  the  Pope  muft 
ncceffarily  have  died  at  the  moment  mentioned  in 
the  Gazette,  and  that,  only  from  the  idea  which  I 
had  of  the  Pope's  condition  and  health,  though,  per- 
haps, I  knew  nothing  about  him,  while  I  am  infi- 
nitely better  acquainted  with  my  own  fituation, 
without  knowing,  however,  what  fliall  befall  me  to- 
morrow. 

In  like  manner  when  you  do  me  the  honour  to 

read 


PRE-ESTABLISHSD  HARMONY.  ^1% 

tad  thefe  letters,  azKl  derive  the  knowledge  of  fome 
truth  frcfin  th^m^  it  is  your  foul  which  extrads  that 
truth  from  it's  own  proper  fund,  without  my  con- 
tributing at  all  tp  it  by  my  letters.  The  reading  of 
them  ferves  only  to  maintain  the  harmony  which 
the  Creator  meant  to  efiablilh  between  the  foul  and 
the  body.  It  is  only  a  formality,  altogether  fuper- 
'  floaus,  with  rdfped  to  the  knowledge  itfelf.  I  fhall, 
aevertli€le&,  continue  to  tender  you  my  inftru^ons. 

gth  December,  1 760. 
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Another  ObjeSlion. 

^TpHERE  is  another  obje<Mon  to  be  made  to  the 
-^  fyftem  of  pre-eftablifhed  harmony;  namely, 
that  It  is  utteriy  deftrujftive  of  human  liberty.  In 
fiift,  if  the  bodies  of  men  are  machines,  iimilar  to  a 
watch,  aQ  their  aftions  are  a  neceifary  confequencc 
of  their  conftniAion.  Thus,  when  a  thief  fteals  my 
jpurfe,  the  motion  made  by  his  hands  is  an  effed  as 
tteceflary  of  the  machine  of  his  body,  as  the  motion 
of  the  hand  of  my  dock,  now  pointing  to  nine.  You 
wUl  readily  comprdhcnd  what  muft  be  the  conclu- 
&»•  As  it  would  be  utijuft,  nay,  ridiculous,  to  think 
cft)di^  angry  at  the  clock,  and  of  chaftifing  it,  be- 
caufe  it  pointed  to  nine,  it  would  be  equally  fo,  with 
wdEpeSt  to  the  thief,  whom  it  would  be  abfurd  to 
punitti  for  having  fiolen  my  pur&. 

%a^I.  Y  Of 
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Of  this  wcluda  weU.known«ampk  in  thcreign 
of  his  late  Majefty,  wlien  Mr.  Wolff  taught  at  Halle 
the  fyftem  of  the  pre-eftablifhed  harmony.  The  King 
informed  himfelf  of  this  dodrine,  which  was  then 
making  a  prodigious  noife ;  and  one  of  his  Court 
having  fuggefted  to  him  that,  according  to  Mr. 
Wolff* s  dodrines,  foldiers  were  mere  machines,  and 
that  when  one  deferted,  it  was  a  neceffiury  conie- 
quence  of  his  particular  firudure,  and  therefore 
ought  not  to  fubjeA  him  to  punifhment,  as  wo\ild 
be  the  cafe,  were  a  machine  an  objeA  of  punifhment, 
for  having  performed  fuch  and  fuch  a  motion ;  the 
King  was  fo  provoked  at  this  reprefentation,  that  he 
gave  orders  to  baniih  Wolff  from  Halle,  with  certi* 
fication,  that  if  he  was  found  there  at  the  end  of 
twenty-four  hours,  he  Ibould  be  hanged  up.  The 
philofopher  upon  this  took  refuge  at  Marburg,  wher6 
I  converfed  with  him  foon  after. 

But  the  partiians  of  this  fyftem  have  always  main* 
tained  that  the  pre-eftabliihed  harmony  by  no  means 
encroached  on  human  liberty.  They  admit  that  the 
exterior  acUons  of  men  are  neceflary  effeds  of  the 
organization  of  the  body,  and  that,  in  this  relped, 
they  take  place  as  necefiarily  as  the  motions  of  a 
watch:  but  that  the  mental  determination  enjoyed 
perfed  liberty :  that  theie  may  be  deferving  of  pU'- 
niflunent,  though  the  corporeal  adion  was  neceflary: 
the  criminality  of  an  adion  confifts  lels  in  the 
motions  of  the  body,  than  in  the  refolution 
don  of  the  foul,  which  remains  entirely  free. 
CMiceive,  iay  they,  the  foul  of  a  thief,  deter- 
mining 


PRETEST ABLI8HED  HAAMOKV.  323 

lEnining,  at  a  certain  time,  to  commit  a  robbery: 
God  having  forefeen  this  intention,  has  provided  it 
with  a  body,  organized  in  fuch  a  manner  as  to  pro- 
duce, precifdy  at  the  fame  time,  the  motions  requi-- 
fite  for  the  commiifion  of  this  robbery:  the  action, 
lay  they,  is  itfelf  the  neceflary  eflFeft  of  the  organiza- 
tion of  the  body,  but  that  the  intention  of  the  thief 
is  a  free  ad  of  his  foul,  which  is  not,  on  that  ac- 
count, leis. culpable  and  lefs  puniihable. 

Notwithfian^ng  this  reafoning,  the  fupporters  of 
the  fyftem  of  pre-eftabliflied  harmony  will  always 
find  themfelves  very  much  embarraffed  to  maintain 
the  liberty  of  the  determinations  of  the  foul.  For, 
according  to  them,  the  foul  is  itfelf  fimilar  to  a  ma- 
chine, though  of  a  nature  totally  diflFerent  from  that 
of  the  body ;  the  reprefentations  produced  in  it  are 
occafioned  by  thofe  which  precede,  and  thefe  again 
by  others  anterior  to  them,  and  fo  on,  fo  that  they 
follow  each  other  as  neceffarily .  as  the  motions  of  a 
machine*  In  faft,  fay  they,  men  aft  always  from 
certain  motives,  founded  on  the  reprefentations  of 
the  foul,  which  fucceed  each  other,  conformably  to 
it's  flatc. 

You  will  recoiled  that,  according  to  this  fyftem, 
the  foul  derives  no  one  idea  from  the  body,  not 
being,  in  any  real  conneftion  with  it ;  but  all  from 
it's  own  proper  fund.  Prefent  ideas  flow  from  thofe 
which  preceded,  and  are  a  neceflary  confequence  of 
them ;  fb  that  the  foul  is  nothing  lefs  than  mailer  of 
if  s  *  own  ideas,  which  generate  it's  refolutions,  and 
which  are  therefore  as  little  under  it's  power :  and, 

Y  2  confe* 
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and  this  is  diredly  oppofite  to  all  that  palTes  in  body. 
Would  it  not,  then,  be  ridiculous  to  expeft  that  a 
watch  fliould  point  to  any  other  hour  than  what  it 
adually  does,  and  to  think  of  puniihing  it  on  that 
account  ?  Would  it  not  be  abfurd  to  fly  into  a  paf- 
fion  at  a  puppet,  becaufe,  after  feveral  other  geftures, 
it  had  turned  it's  back  to  us  ? 

All  the  changes  which  take  place  in  bodies,  and 
which  are  all  reducible  to  their  flate  of  refl:,  or  of 
motion,  are  the  neceflary  confequence  of  the  powers 
which  acl  upon  them ;  and  their  action  once  admit- 
ted, no  changes  in  bodies  can  take  place,  but  pre- 
diely  fuch  as  do  take  place:  what  refpedts  body, 
therefore,  is  an  objeft  of  neither  praife  nor  blaine. 
However  ingenioufly  a  piece  of  mechanilin  may  be 
conftrufted,  the  commendation  which  we  bcftow 
upon  it  reverts  to  the  artift ;  the  machine  itfelf  has 
no  intereft  in  what  pafies ;  the  artift,  too,  is  alone 
rcfponfible  for  the  defefts  of  a  dumfy  and  aukward 
machine;  the  machine  itfelf  is  perfectly  innocent 
While,  therefore,  the  enquiry  is  reftrifted  to  bodies, 
they  are  clearly  in  no  refpeft  refponfiblej   no  re- 
vard»  no  puniflunent  can  pofiibly  attach  to  them ; 
all  the  changes  and  motions  produced  in  them,  are 
4he  neceffary  conlequences  of  their  ftructure. 
.Lu  Bat  Ipirits  are  of  a  very  different  nature,  and  their 
>pa  dqpend  on  principles  directly  oppofite.    li- 
fi  entirely  exchided  from  the  nature  of  body,  is 
Ipntial  pqrtiop  of  fpirit,  to  fuch  a  degree,  that 
mt  liberty,  a  fpirit  could  not  exift ;  and  this  it 
:h  readers  it  refponfible  for  it's  adions.    This 
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property  is  as  eflential  to  fpirit  as  extenfion  or  impe^ 
netrability  is  to  body ;  and  as  it  would  be  impoffible 
for  the  divine  Omnipotence  itfelf  to  diveft  body  of 
thefe  qualities,  it  would  be  equally  impoffible  for  it 
to  diveft  Q>irits  of  liberty,  A  fpirit  without  liberty, 
would  no  longer  be  a  ipirit,  as  a  body  without  ex- 
tenfion would  no  longer  be  a  body. 

It  has  in  all  ages  been  a  fubje^i:  of  ^ager  enquiry 
among  philoi<^hers.  How  God  could  have  permitted 
fin  to  enter  into  the  world  ?  Had  they  refleded  that 
the  fouls  of  men  are  beings  neceflarily  free,  from 
their  very  nature,  the  controverfy  would  have  been 
eafily  fettled. 

The  objeSions  commonly  made  to  human  liberty 
are  thefe :  A  i^irit,  it  is  faid,  or  a  man,  is  never  de- 
termined to  an  action,  but  from  motives ;  and  after 
baidng  carefully  weighed  the  reafons  on  both  fides, 
he  finally  decides  in  favour  of  that  which  he  deems 
the  preferable.  Hence  they  conclude  that  motives 
determine  the  a&ions  of  men,  juft  as  the  motion  of 
%  ball  on  the  billiard  table  is  determined  by  the  ftroke 
Smprefied  upon  it,  and  that  the  adions  of  men  are 
no  more  free  than  the  motion  of  the  ball.  But  it 
muft  be  confidered  that  the  motives  which  engage  a 
man  to  undertake  any  enterprize,  refer  very  diflFer- 
cntly  to  the  foul,  from  what  the  ftroke  does  to  the 
iialL  The  ftroke  produces  it's  effed  neceflarily ;  but 
»  motive,  however  powerful,  prevents  not  the  a£)ion 
from  being  voluntary.  I  had  very  powerful  motives 
Co  undertake  a  journey  to  Magdeburg :  a  regard  to 
>ny  promife ;  the  profppft  of  enjoying^  the  felicity  qf 

Y4  paying 


3a8  I.1BERTY  OF  SPIRITS^ 

paying  my  fcfpe£b  to  your  Highnefi }  but  I  am  per- 
Mly  fenfible,  at  the  fame  time,  that  I  was  not  forced 
to  it :  and  that  it  was  entirely  in  my  own  power  to 
take  that  journey,  or  to  have  remained  at  Berlin. 
But  a  body,  impelled  by  any  power,  neceflarily  obeys, 
and  it  cannot  be  affirmed  that  it  was  at  liberty  to 
obey,  or  not,  as  it  jdeafed. 

The  motive  which  determines  a  fpirit  to  r^ulate 
it's  refitdves,  is  of  a  nature  wfaoUy  di&rent  from  a 
eoii/e  or  Jbrce  acting  upon  body.  Here,  the  effieck  is 
produced  neceflarily ;  and  there,  the  effeck  remains 
ahi-ays  voluntary,  and  the  foul  has  power  over  it. 
On  this  is  founded  the  imputability  of  the  actions  of 
a  fpirit,  which  makes  it  refponlible  for  them,  gnd 
which  is  the  true  foundation  of  right  and  wron^ 
As  foon  as  we  have  lettlcd  this  infinite  cUflference  be- 
tween fpirit  and  body,  the  quddon  reipe^ing  liberty 
prel'ents  ver)'  licde  difficulty. 

ibcb  Df^rtmuTf  1760. 
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pocket,  and  to  pick  out  my  watch,  without  my  per- 
ceiving it.  This  a^on  being  a  necelJary  confequence 
of  the  organization  of  the  machine,  could  not  be 
conlidered  as  a  robbery;  and  I  fhould  render  my- 
felf  ridicuk)us  if  I  got  into  a  pailion  at  it,  and  infi& 
ed  on  having  the  machine  hanged.  Every  one  would 
fay  that  the  puppet  was  innocent,  and  incapable  of 
committing  a  blameable  adion ;  it  would  be,  befides, 
equally  indifferent  to  the  puppet  to  be  hanged,  or 
placed  on  a  throne.  But  if  the  artift  had  contrived 
this  machine  on  purpofe  to  fteal,  and  to  enrich  him- 
ictf  by  fuch  means,  however  much  I  might  admire 
the  ingenuity  difplayed  on  the  mechanifm,  I  fliould 
reckon  myfelf  obliged  to  bring  him  to  juftice  as  a 
thief.  It  follows,  then,  that  even  in  this  cafe  the 
criminality  reverts  upon  an  intelligent  being,  or  a 
i^inty  and  that  fpirits  alone  are  refponiible  for  their 
adions. 

•  Let  every  man  examine  his  own  adiions,  and  he 
win  always  find  that  he  was  not  forced  into  them, 
though  he  might  be  induced  by  motives.  If  his  ac-> 
tions  are  commendable,  he  is  perfecUy  confcious  of 
meriting  the  prsdfes  beftowed  upon  him.  However 
lie  aught  be  deceived  in  his  other  judgments,  he 
cumot  in  this  cafe ;  the  ientiment  of  his  Uberty  is  fo 
intimately  connected  with  that  liberty  itfelf,  that 
they  are  infeparahle.  It  is  pebble  to  entertain  a 
doubt  where  the  liberty  of  another  is  concerned,  but 
k  ia  impoffible  ever  to  be  deceived  rcfpecting  one's 
ami.  A  doi^ii,  for  example,  on  feeing  the  puppet 
abotcdefqibcdy  might  aSIf^  imagine  it  to  be  a  real 

thid^ 
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thief,  and  that  it  likewife  was  a  free  agent :  in  this 
he  would  be  miftaken ;  but  with  refpecl  to  his  own 
liberty,  it  is  impoflible  for  him  to  miftake ;  as  he 
deems  himfelf  free,  he  is  fo  in  fad.  It  might  like- 
wife  happen,  that  the  down  in  queftion,  undecaved 
as  to  the  puppet,  fhould  afterwards  confider  a  dex* 
terous  thief  as  a  machine,  deftitute  of  all  ientiment, 
and  of  liberty :  here  he  would  fall  into  the  oppofite 
error,  but  as  to  his  own  adions,  he  will  never  be 
miflaken. 

It  would,  therefore,  be  ridiculous  to  affirm,  that 
it  might  be  poffible  for  a  watch  to  imagine  that  it's 
hand  turned  freely,  and  to  belike  that  it  now  points 
to  nine,  becaufe  it  pleafes  to  do  fo,  but  could  point 
to  any  other  hour,  if  it  thought  prc^r:  the  watch 
would  undoubtedly  deceive  itfelf.  But  the  whole 
{bppofition  is  manifdtly  abfurd.  You  muft  firft  af- 
cribe  to  the  watch  fentinient  and  imagination,  and 
accordingly  fuppofe  it  a  fpirit  or  foul,  which  necef- 
farily  implies  liberty ;  and  aften^-ards  confider  it  as 
a  mere  machine,  divefted  of  liberty,  which  is  a  ma>- 
nifeft  contradidioiu 

Anorhcr  dgectifm,  however,  is  fhrted  againft  li« 
bertfs  Ibnnded  cm  the  divine  prefcience.  God,  it 
ii  fid,  fticfiw,  firom  all  eternity,  every  refohition 
rtlrlf  IiIImjuU  fann,  and  every  aftion  which  I  flionld 

Bfoyiiifiant  of  mylific    IfGodfbreizw 

ifc^now  ocmtiniie  to  write,  that  I  ihonid, 

hcf  down  my  pen,  and  rife  to  take  a 

on  would  be  no  longer  free,  for  I  am 

fifitjof  mridn^  of  laying  down  the 

pen. 
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pen,  and  of  rifing  to  walk ;  and  it  would  be  impof- 
fible  for  me  to  ad  otherwife,  as  it  was  impoffible 
God  fhould  be  deceived  in  what  he  forefees? 

The  reply  is  obvious.  Becaufe  God  fore&w,  from 
all  eternity,  that  I  fhQuld  perform,  on  fuch  a  day, 
fuch  an  adion,  it  does  not  follow  that  I  fhall  perform 
it,  becaufe  God  fore&w  it.  For  it  is  evident  that  it 
ought  not  to  be  alleged,  in  the  caufe  fuppofed.  That 
I  go  on  to  write,  becaufe  God  forefaw  I  fhould  go  on 
to  write  ;  but,  on  the  contrary,  as  I  judge  it  proper 
to  go  on  to  write,  God  forefaw  that  I  would  do  fo. 
Thus  the  prefdence  of  God  by  no  means  encroaches 
on  my  liberty ;  and  all  my  adions  remain  equally  at 
liberty,  whether  God  forefaw  them  or  not. 

Some,  however,  in  the  view  of  fupporting  liberty, 
have  gone  fo  far  as  to  deny  the  divine  prefcience; 
but  you  will  have  little  difficulty  in  deteding  the 
wifehood  of  this  opinion.  Is  it  fo  furprifing  that 
the  Supreme  Being,  who  is  acquainted  with  all  my 
propenfities,  fhould  be  able  to  forefee  the  effed  which 
every  motive  will  produce  on  my  foul,  and,  confc- 
quently,  all  the  refolutions  which  I  fhall  fprm,  in 
conformity  to  thefe  effeds,  when  fimple  mortals,  fuch 
as  we  are,  frequendy  exercife  a  fimilar  prefcience? 
Tou  can  eafily  imagine  to  yourielf  a  man  extremely 
covetous,  who  has  a  fair  opportunity  of  making  a 
confiderable  advantage.  Tou  know,  for  certain,  he 
will  not  fail  to  avail  himfelf  of  it.  Tour  knowledge 
of  this,  however,  has  no  influence  upon  the  man ; 
ho  goes  into  it  with  the  full  determination  of  his 
.own  mind^  ai  if  ymi  had  never  fpcnt  a  thought  upon 
i  •  him* 


■J 
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•hiou  Nonr,  ai  God  is  •  infimtdy  better  auyyaaijtffd 
- widi qieiiy  and  all  thdr  difpofitbns^  itifinattQbr 
doubted  that  he  xouldliavc  focefisea*  their  adtOM,  in 
iail  fitustioiML  Tbe  prefiienoe  of  God,.with  re^;>ed 
rto  the  ircti  afiions.  of  %irit8^  is,  neverthde&t  £ciiuided 
on  another  piind{ikvthan  that  of  the  chai^os  whkh 
mu^  take  place  in.  the!  coj^Kxretl  wDrld,.'iVbcar^  iA  is 
:}ander  tbe  poiver  <£  neceffity.  TUa  diAindioD  jSmJI 
/be  the  fiibje&  of  my  ndct  letter.  . 

-    toA^Bfcm^ir^  1760.  : .  "" 
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*    Influence  of  tbe  Liberty  of  Spirits  upon  Events.    * 

TF  the  world  contained  bodiea  only,  and  if  the 
changes  which  take  place  in  it^  were  necefiary 
confequences  of  the  laws  of  motion,  confaraiably  to 
the  powers  with  which  they  ad:  upon  each  other,  all 
events  would  be  necefiary,  and  would  depend  on  the 
firft  arrangement  which  the  Creates.  had.eftaUi(hed 
of  the  bodies  of  the  univerfe ;  fb  thiat  this  arrange* 
ment,  once  eftablUhed,  it  fhould  be  impolfiUe  for 
other  events  afterwards  to  take  place,  than  tbo& 
which  happen  in  tbe  a&ual  order  of  things.  The 
world  would,  undoubtedly,  be  in  thb  caie,  a  mere 
piachine,  fimilar  to  a  watch^  wluch,  onoe  wound  up, 
afterwards  producers  all '  the  motions  by  wliidi-  we 
meafui'e  time,  '  ... 

Imagine  to  yourfc^  a  muficai  dock^  fuch  a  ^dpok, 
once  4^^j^i2^a;ted,  aU  .the  •  motions  wjikh'^it^perforins, 

and 
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and  the  zdrs  which  it  piays,  are  produced  in  virtue 
of  it*s  conftruftion,  without  any  fircfli  ap^ication  of 
tile  hand  of  the  mafier^  and,  in  that  cafe,  we  fay  it  is 
done  mechanically,  Bf  the  artift  touches  k,  by  chang- 
mg  the  notch,  or  the  cylinder,  which  regulates  tiie 
airs,  or  by  winding  it  up,  it  is  an  extertal  ddknn, 
trfatch,  not  being  founded  on  the  otganisatinn  of 
the  naac3iine,  oo  longer  appertains  to  it.  And  if 
GiodLj  as  Lord  of  the  uliirer&,  ihould  change  imnie^ 
diately  any  thing  in  the  courfe  of  fucceffive  ercnts, 
this  change  would  no  longer  appert^n  to  the  ma- 
chine:  it  would  then  be  a  mrack. 

A  mirade,  confecpieiady,  is  an  immediate  tf^Gt  of 
the  divine  Otnnipotence,  which  could  not  have  taken 
fdace,  had  God  left  the  machine  of  the,  umverte  ^edy 
to  take  it's  courfe.  Such  would  be  the  ftate  of  the 
lamveife,  if  it  contained  bodies  only ;  in  thait  cafe  it 
ioiight  be  laid,  that  ail  events  take  place  in  it  from 
an  abfokite  necefiity,  each  of  them  being  a  neceffary 
eflS^  of  the  ftrufture  of  the  univcrie;  uidefc  it 
pleafed  God  to  work  miracles. 
.  The  feme  tftiittg  would  haf^n,  on  admitting  the 
ij^em  of  pre^ftablilhed  harmony,  though  it  allows 
the  exiftence  of  fpirits ;  for,  according  to  this  fyf- 
tem,  l^pirita  do  not  aft  upon  bodies,  but  thefe  per- 
form all  their  motions  and  a6tions  only  in  virtue  of 
their  ftrufture,  once  eftabliflied ;  fo  that  when  I  raife 
my  arm,  this  motion  is  an  effeft  as  hecrfTary  of  tlie 
organization  of  my  body,  as  that  of  the  wheds  in  a 
watch.     My  foul,  in  no  refpeft,  contributes  to  it ;  it  • 

I  is 


m^  vmnrr  or  spirits^ 

is  God  wbOf  from  the  beginning,  arranged  the  niat^ 
ter  ib  tkA  die  adion  of  my  body  mufl:  neceflarily 
refak  irom  it,  at  a  certain  time,  and  raiie  the  arm  at 
the  isfttfit  that  my  ibul  wiOed  it.  Thus,  my  fool 
lias  no  ioflocnce  upon  my  body,  any  more  than  upon 
tthflife  of  other  men  and  of  animals :  and,  confequent- 
^^  jccDfding  to  this  fyfiem,  the  univerfe  is  merdy 
<Wportai,  and  events  are  a  neceflary  effed  of  the  pru 
Mtire  organization  which  God  has  eftablifhed  in 
tlieiuiiverfe. 

Biit»  if  we  allow  to  the  fouls  of  men  and  of  ani- 
fRj^b  the  power  of  producing  motion  in  their  bodies, 
^d^h  their  organization  alone  would  not  have  pro- 
^^oed»  the  iyftem  of  the  univerfe  is  not  a  mere  ma« 
^liine^  and  events  do  not  neceflarily  take  place  as  in 
^  pKceding  cafe* 

llic  univerfe  will  prefent  events  of  two  kinds ; 
iV  on^f  thofe  over  which  fpirits  have  no  manner  of 
^y^cnce,  which  are  corporeal,  or  dependant  on  the 
^^^hine,  as  the  motion  and  phenomena  of  the  hea- 
xvnK  bodies ;  thefe  take  place  as  neceflarily  as  thofe 
^"  4  watch,  and  depend  entirely  on  the  primitive 
^jitJfithment  of  the  univerfe.  The  others  depend 
^  the  foul,  united  to  the  body  of  men  and  animals, 
^^  jure  no  longer  neceflary,  as  the  preceding,  but 
.^^  from  the  liberty,  as  from  the  will,  of  thefe  fpi- 
.,j^  beings. 

flefe  two  kinds  of  events  diftinguifli  the  univerfe 
1^^  i  mere  machine,  and  raife  it  to  a  rank  infinitely 
p^vorthv  of  the  almighty  Creator,  who  formed 

it. 
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it.  The  government  of  this  univerfe  will  likewife 
ever  infpire  us  with  the  moft  fublime  idea  of  the  fo- 
vereign  wifdom  and  goodnefs  of  God. 

It  is  certain^  therefore,  that  liberty,  which  is  abfo- 

« 

lutely  effential  to  fpirits,  has  a  very  great  influence 
on  the  events  of  the  world.  You  have  only  to  con- 
fider  the  fatal  Qonfequences  of  thefe  wars,  which  all 
refult  from  human  adions,  determined  by  their  will, 
or  their  caprice* 

It  is  likewife  cert^n,  at  the  fame  time,  that  the 
events  which  take  place  do  not  depend  only  on  the 
wiU  of  men  and  animals.  Then-  power  is  very  U- 
mited,  being  reftrifted  to  a  finall  portion  of  the  brain, 
in  which  all  the  nerves  terminate :  and  this  aftion  is 
confined  to'  the  communication  of  an  impreflion  of 
a  certain  motion  on  the  members,  which  may  after- 
wards operate  on  other  bodies,  and  thefe  again  on 
others,  fo  that  the  flighteft  motion  of  my  body  may 
have  a  very  great  influence  on  a  multitude  of  events. 
•  Man,  however,  though  matter  of  the  firft  motion 
of  his  body,  which  occafions  thefe  events,  is  not  fo 
of  the  confequences  of  his  aftion.  Thefe  depend  on 
fo  many  circumftances,  that  the  moft  fagacious  mind 
is  incapable  of  forefeeing  them :  accordingly,  we 
every  day  fee  the  beft  concerted  projefts  failing. 
But  it  is  here  that  we  muft  acknowledge  the  govern- 
ment and  providence  of  God,  who,  having  from  all 
eternity  forefeen  all  the  counfels,  the  projefts,  and 
the  voluntary  aftions  of  men,  arranged  the  corporeal 
world  in  fuch  a  manner,  that  it  brings  about,  at  all 
times,  circumftances  which  ca^ife  thefe  enterprisses  to 

faa 
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A  ftrufturc  equally  marvellous  is  obfervable  in  all 
the  other  parts  of  our  bodies,  in  thofe  of  all  animals, 
and  even  of  the  vilcft  infefts.  And  the  ftrufture  of 
thefe  laft,  is  fo  much  the  more  admirable,  on  account 
rf  their  finallnefs,  that  it  fhould  perfedly  fatisfy  all 
the  wants  which  are  peculiar  to  each  i^cies.  Let 
us  examine  only  the  fenfe  of  feeing  in  thefe  infefts, 
vf  "fcrhich  they  diftinguifh  objefts  fo  minute,  and  fo 
MaTi  as  to  efcape  our  eyes,  and  this  examination 
•tone  will  fill  us  with  aftonifhment. 

We  difcover  the  fame  perfedion  ip  plants :  every 

•king  in  them  concurs  to  their  formation,  to  their 

fwwth,  and  to  the  produflion  of  their  flowers,  of 

their,  firuits,  or  of  their  feeds.    What  a  prodigy  to 

■^oU  a  plant,  a  tree,  fpring  from  a  imall  grain,  caft 

fclo  the  earth,  by  the  help  of  the  nutritious  juices 

,9kh  which  the  foil  fupplies  it  ?  The  produ6tions 

jfinmd  in  the  bowels  of  the  earth  are  no  lefe  wonder- 

yW :  every  part  of  nature  is  capable  of  exhaufting 

ji*U*  utmoft  powers  of  refearch,  without  permitting 

P*  to  penetrate  all  the  wonders  of  it's  conftrudion. 

*Ty>  wc  are  utterly  loft,  while  we  refleft,  how  every 

f^j^^^^^uxy  earth,  water,  air,  and  fire,  concur  in  the 

P'^Mudion  of  all  organized  bodies  ;  and,  finally,  how 

m  arrageinent  of  all  the  heavenly  bodies  is  fo  ad- 

^'^^'y  contrived,  as  perfecUy  to  fulfil  all  thefe  par- 

»"^  deftinations. 

^^^'^   having  reflefted  in  this  manner,  it  will  be 
^^^    for  you  to  believe,  that  there  ihould  have 


***^'^  >vko  maintained,  that  the  univerfe  was  the 

Z  3  cflfed 
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fail  or  to  fucceed,  according  as  his  infinite  wifdom 
judges  to  be  moft  fit.  God  thus  remains  abfolute 
fovereign  of  all  events,  notwithftanding  the  liberty 
of  men,  all  whofe  aiflions,  though  free,  are,  from  the 
beginning,  part  of  the  plan  which  God  intended  to 
execute,  when  he  created  this  univerfe. 

Tiiis  reflection  plunges  us  into  an  abyfs  of  wonder 
and  adoration  at  the  infinite  perfeftions  of  the  Crea- 
tor; while  we  confidcr  that  there  is  nothing  fo  mean 
in  itfelf  as  not  to  be,  from  the  beginning  of  the 
world,  an  objeft  worthy  of  entering  into  the  origi- 
nal plan  which  God  propofed  to  himfelf. 

il  J  December,  1760. 
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Of  Events,  natural,  fupernalural,  and  moral. 

TN  common  life,  we  carefully  diftinguifh  events 
-'■  produced  by  corporeal  caufes  from  thofe  in  which 
men  and  animals  co-operate.  Thofe  of  the  former 
defcription  are  denominated  natural  events,  or  pro- 
duced by  natural  caufes ;  fuch  are  the  phenomena 
of  the  licavenly  bodies,  eclipies,  tempefts,  whirlwinds, 
earthquakes,  he.  Thefe  are  called  natural  pheno- 
mena, becaufe  it  is  underftood  that  neither  men  nor 
animals  are  active  in  the  produclion  of  them. 

If  we  fee  a  tree  turn  up  by  the  roots,  through  the 
violence  of  the  wind,  we  call  it  a  natural  effect:  but 
if  it  were  done  by  the  flrength  of  maOj  or  the  pro- 
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A  ftrufturc  equally  marvellous  is  obfervable  in  all 
the  other  parts  of  our  bodies,  in  thofe  of  all  animals, 
and  even  of  the  vileft  infefts.  And  the  ftrufture  of 
thefe  laft,  is  fo  much  the  more  admirable,  on  account 
of  their  finallnefs,  that  it  fhould  perfeftly  fatisfy  all 
the  wants  which  are  peculiar  to  each  fpecies.  Let 
us  examine  only  the  fenfe  of  feeing  in  thefe  infefts, 
by  which  they  diftinguifh  objeds  fo  minute,  and  fo 
near,  as  to  efcape  our  eyes,  and  this  examination 
alone  will  (ill  us  with  aftonifhment. 

Wc  difcover  the  fame  perfeftion  ip  plants :  every 
thing  in  them  concurs  to  their  formation,  to  their 
growth,  and  to  the  produftion  of  their  flowers,  of 
their  fruits,  or  of  their  feeds.  What  a  prodigy  to 
behold  a  plant,  a  tree,  fpring  from  a  finall  grain,  c^ft 
into  the  earth,  by  the  help  of  the  nutritious  juices 
with  which  the  foil  fupplies  it?  The  produ6tions 
found  in  the  bowels  of  the  earth  are  no  lefs  wonder- 
ful :  every  part  of  nature  is  capable  of  exhaufting 
our  utmoft  powers  of  refearch,  without  permitting 
us  to  penetrate  all  the  wonders  of  it's  conftruftion. 
Nay,  we  are  utterly  loft,  while  we  refleft,  how  every 
fubftance,  earth,  water,  air,  and  fire,  concur  in  the 
produdion  of  all  organized  bodies  ;  and,  finally,  how 
the  arragement  of  all  the  heavenly  bodies  is  fo  ad* 
mirably  contrived,  as  perfectly  to  fulfil  all  thefe  par- 
ticular deftinations. 

After  having  refleded  in  this  manner,  it  wiU  be 
difficult  for  you  to  believe,  that  there  fhould  have 
been  xnen  who  maintained,  that  the  univerfe  was  the 
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efFeft  of  mere  chance,  without  any  defign.  But  there 
always  have  been,  and  there  ftill  are,  perfons  of  this 
defcription ;  thofe,  however,  who  have  a  folid  know- 
ledge of  nature,  and  whom  fear  of  the  juftice  of  God 
does' not  prevent  from  acknowledging  Him,  are  con- 
vinced, with  us,  that  there  is  a  Supreme  Being,  wha 
created  the  whole  univerfe,  and,  from  the  remarks 
which  I  have  juft  been  fuggefting  to  you,  refpeSing 
bbdies,  every  thing  has  been  created  in  the  higheft 
perfeftion. 

As  to  fpirits,  the  wickednefs  of  man  feems  to  be 
an  infringement  of  this  perfedion,  as  it  is  but  too 
capable  of  introducing  the  greateft  evils  into  the 
world,  and  thefe  evils  have,  at  all  times,  appeared 
incompatible  with  the  fovereign  goodnefs  of  God. 
This  is  the  weapon  ufually  employed  by  infidels 
againft  religion,  and  the  exiftence  of  God.  If  God, 
fay  they,  was  the  author  of  the  world.  He  muft  alfo 
be  the  author  of  the  evil  which  it  contains,  and  of 
the  crimes  committed  in  it.  i 

This  queftion,  refpefting  the  origin  of  evil ;  the 
difficulty  of  explaining,  How  it  can  confift  with  the 
fovereign  goodnefs  of  God,  has  always  greatly  per- 
plexed philofophcrs  and  divines.  Some  have  endea- 
voured to  give  a  folution,  but  it  has  fatisfied  only 
thcmfclves.  Others  have  gone  fo  far  as  to  maintain, 
that  God  was,  in  fact,  the  author  of  moral  evil,  and 
of  crimes  ;  always  protefting,  at  the  fame  time,  that 
this  opinion  ought  to  bring  no  imputation  on  the 

)odnefs  and  holinefs  of  Qod.     Others,  finally,  con- 
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fider  this  queftion  as  a  myftery  which  we  cannot 
comprehend  ;  and  thefe  laft,  undoubtedly,  have  emw 
braced  the  preferable  fentiment. 

God  is  fupremely  good  and  holy  ;  He  is  the  au- 
thor of  the 'World,  and  that  world  fwarms  with 
crimes  and  calamities.  Thefe  are  three  truths  which 
it  is,  apparently,  diiScult  to  reconcile:  but,  in  my 
opinion,  a  great  part  of  the  difficulty  vaniflies,  as  foon 
as  we  have  formed  a  juft  idea  of  fpirit,  and  of  the 
liberty  fo  effential  to  it,  that  God  himfelf  cannot  di- 
veft  it  of  this  quality. 

God  having  created  fpirits,  and  the  fouls  of  men^ 
I  remark,  firft,  that  fpirits  are  beings  infinitely  more 
excellent  than  bodies;  and,  fecondly,  that,  at  the 
moment  of  creation,  fpirits  were  all  good :  for  time 
is  requifite  to  the  formation  of  evil  inclinations: 
there  is,  therefore,  no  difficulty  in  affirming,  that 
God  created  fpirits.  But  it  being  the  effence  of 
ipirits  to  be  free,  and  liberty  not  being  capable  of 
fubfifting  without  a  power  to  fin,  to  create  a  fpirit 
poffefTed  of  the  power  of  finning,  has  nothing  in. 
confiflent  with  divine  perfection,  becaufe  a  fpirit 
could'  not  be  created  deftitute  of  that  power. 

God  has,  befides,  done  every  thing  to  prevent 
crimes,  by  prefcribing  to  fpirits,  precepts^  the  ob- 
fervance  of  which  muft  always  render  them  good 
and  happy.  There  is  no  other  method  of  treating 
fpirits,  which  cannot  be  fubjeft  to  any  conftraint ; 
and  if  fome  of  them  have  abufed  their  liberty,  and 
tranfgrelTed  thefe  commandments,  they  are  refpon- 
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fibk  for  St,  and  worthy  of  punifliment,  without  jmy 
impeachment  of  the  Deity. 

There  remains  only  one  objedtion  more  to  be  con* 
fidered :  namely,  that  it  would  have  been  better  not 
to  create  fuch  fpirits,  as  God  fore&^w  they  mnfi:  fink 
into  criminality.  But  this  far  furpailes  human  un« 
deribmding ;  for  wc  know  not,  whether  the  plan  of 
the  world  could  fubfift  without  them.  We  know, 
<m  the  contrary,  by  experience,  that  the  wickednef$ 
of  fome  men  frequently  contributes  to  the  corre&ion 
and  amendment  of  others,  and  thereby  conduds 
them  to  happineis.  This  confideration,  alone,  is  fuf- 
fident  to  juftify  the  exiftence  of  eril  fpirits.  And, 
as  God  has  all  power  over  the  confequences  of  hu« 
man  wickedneis,  every  one  may  reft  affured,  that  i|i 
conforming  to  the  commandments  of  God,  all  events 
which  come  to  pa&,  however  calamitous  they  may 
appear  to  him,  are  always  under  the  direction  of  Pro- 
vidence, and,  finally,  terminate  in  his  true  happinds* 

This  providence  of  God,  which  extends  to  every 
individual,  in  particular,  thus  furniihes  the  moft  ia» 
tisfaftory  folution  of  the  queftion  refpeding  the  pcr^ 
miffion,  and  the  origin,  of  evil* 

^Qtb  December^  1760. 

*  Mr.  Etder  concludes  this  letter,  with  the  following  (hork  fen- 
ten  ce  :  *'  This  likewife  is  the  foundation  of  all  religion » the  alone 
•*  objedl  of  which  is  to  pronnote  the  falvation  of  mankind.**  What 
rcafon  could  there  be  for  fuppreiling  a  fentiment  fo  natural,  ib 
much  in  place,  and  fo  inoffcniivc  ^^^E.  E% 
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Connexion  of  the  preceding  Conftderations  with  Religion^ 
Reply  to  the  Objedions  of  the  philofophic  Sy/lems  againjl 
Prayer. 

BEFORE  I  proceed  farther  in  my  leffons  on  phi^ 
lofophy  and  phyfics,  I  think  it  my  duty  to  point 
out  to  you  their  conneftion  with  religion.* 

I  begin  with  confidering  an  obje6tion,  which  al* 
moft  all  the  philofophic  fyftems  have  ftarted,  againft 
prayer.  Religion  prefcribes  this  as  our  duty,  with 
zst^  affurance,  that  God  will  hear  and  anfwer  our 
vows  and  prayers,  provided  they  are  conformable  to 
the  precepts  which  he  has  given  us.  Philofophy,  on 
the  other  hand,  inibuifls  us,  that  all  events  take  place 
in  ftrift  conformity  to  the  courfe  of  nature,  efiab- 

*  I  take  the  liberty,  like  wife,  to  reftore  the  following  paflage^ 
which  M.  de  Condorcet,  in  his  philofophic  fqueamifhnefs,  has 
thought  unworthy  of  a  place  in  his  edition  of  the  work. 

*•  However,  extravagant  and  abfurd  the  fentiraents  of  certain 
**  philofophers  may  be,  they  are  fo  obftinately  prepofTefled  in  fa- 
*'  vour  of  them,  that  they  rejedi  every  religious  opinion  and  doo 
**  trine,  which  is  not  conformable  to  their  fyftem  of  philofophy. 
•*  From  this  fource  are  derived  moft  of  the  fe6ls  and  herefies  in  re- 
**  ligion.  Several  philofophic  fyftems  are  really  contradiiftory  to 
**  religion  ;  but  in  that  cafe,  divitie  truth  ought,  furely  to  be  pre- 
**  ferred  to  the  reveries  of  men,  if  the  pride  of  philofophers  knew 
**  what  it  was  to  yield.  Should  found  philofophy  fometimes  feeni 
**  in  oppofition  to  religion,  that  oppolition  is  more  apparent  than 
*'  real;  and  we  muft  not  fuffer  ourfelvcs  to  be  dazrled  with  the 
*'  fpccioufnefs  of  objection.  "■—£.  E. 
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lifhed  from  the  beginrilng,  and  that  our  prayers  can 
effefl  no  change  whatever ;  unlefs  we  pretend  to  ex- 
peft,  that  God  fhould  be  continually  working  mi- 
rades,  in  compliance  with  our  prayers.  This  objec- 
tion has  the  greater  weight,  that  religion  itfelf  teaches 
the  doftrine  of  God's  having  eftablilhed  the  courfe 
of  all  events,  and  that  nothing  can  come  to  pafs,  but 
what  God  fore£iw  from  all  eternity.  Is  it  credibly, 
iay  the  objeftors,  that  God  fhould  think  of  altering 
this  fettled  courfe,  in  compliance  with  any  prayers 
which  men  might  addrefs  to  him  ? 

But  I  remark,  firft,  that  when  God  eftablilhed  the 
courfe  of  the  univerfe,  and  arranged  all  the  events 
which  muft  come  to  pafs  in  it,  he  paid  attentiorfto 
all  the  circumftances  which  fhould '  accompany  each 
event ;  and  particularly  to  the  difpofitions,  to  the 
defires,  and  prayers,  of  every  intelligent  being  ;  and 
that  the  arrangement  of  ail  events  was  difpofed,  in 
perfect  harmony,  with  all  thefe  circumftances.  When, 
therefore,  a  man  addrcfles  to  God  a  prayer  worthy 
of  being  heard,  it  muft  not  be  imagined,  that  fuch  a 
prayer  came  not  to  the  knowledge  of  God  till  the 
moment  it  was  formed.  That  prayer  was  already 
hfeard  from  all  eternity  ;  and  if  the  Father  of  mer- 
cies deemed  it  worthy  of  being  anfwered.  He  ar- 
ranged the  world  exprefsly  in  favour  of  that  prayer, 
fo  that  ihc  accomplilhrxient  fliould  be  a  confcquencc 
of  the  n:\tural  courfe  of  events.  It  is  thus  that  God 
anfwers  the  prayers  of  men,  \\itliout  working  a 
niiracle. 

The  eftablliliment  of  the  courfe  of  the  univerfe, 

fixed 
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fixed  once  for  all,  far  from  rendering  prayer  unne- 
ceflary,  rather  increafes  our  confidence,  by  convey- 
ing to  us  this  confolatory  truth.  That  all  our  prayers 
have  been  already,  from  the  beginning,  prefented  at 
the  feet  of  the  throne  of  the  Ahnighty,  and  that  they 
have  been  admitted  into  the  plan  of  the  univerfe,  as 
motives  conformably  to  which  events  were  to  be  re* 
gulated,  in  fubferviency  to  the  infinite  wifdom  of 
the  Creator. 

Can  any  one  believe,  that  our  condition  would  be 
better,  if  God  had  no  knowledge  of  our  prayers  be- 
fore we  prefented  them,  and  that  He  fliould  then  be 
difpofed  to  change,  in  our  favour,  the  order  of  the 
courfe  of  nature  ?  This  might  well  be  irreconcileable 
to  his  wifdom,  and  inconfifl:ent  with  his  adorable  per- 
fections. Would  there  not,  then,  be  reafon  to  £iy,  that 
the  world  was  a  very  imperfect  work  ?  that  God 
was  entirely  difpofed  to  be  favourable  to  the  wifhes 
of  men ;  but,  not  having  forefeen  them,  was  reduced 
to  the  neceflity  of,  every  inftant,  interrupting  the 
courfe  of  nature,  unlefs  he  were  determined  totally 
to  difregard  the  wants  of  intelligent  beings,  which, 
neverthelefs,  conftitute  the  principal  part  of  the  uni- 
verfe  ?   For  to  what  purpofe   create  this  material 
world,  repleniflied  with  fo  many  great  wonders,  if 
there  were  no  intelligent  beings,  capable  of  admiring 
it,  and  of  being  elevated  by  it,  to  the  adoration  of 
God,  and  to  the  moft  intimate  union  with  their  Cre- 
ator, in  which,  undoubtedly,  their  higheft  felicity 
confifts  ? 

Hence,  it  muft,  abfolutely,  be  concluded,  that  in- 
telligent 
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tclligent  beings^  and  their  falratioii^  mufi  iiave  been 
the  principal  objed,  in  fnbordination  to  whkh^  God 
regulated  the  arrangement  of  this  world;  and  we 
have  every  reafon  to  reft  aiSured,  that  all  the  events 
which  take  place  in  it,  are  in  the  moft  delightfvl  har-r 
mony  with  the  wants  of  all  intelligent  beings^  to 
conduft  them  to  their  true  happineis ;  but  without 
confiraint,  becaufe  of  their  liberty,  which  is  as  efien- 
tial  to  fpirits,  as  extenfion  is  to  body*    There  is, . 
therefore,  no  ground  for  furprize,  that  there  ihould 
be  intelligent  beings,  which  ftiall  never  reach  felidty^ 
In  this  connexion,  of  fpirits  with  events,  confifU 
the  divine  Providence,  of  which  every  individual  has 
the  confolation  of  being  a  partaker  ;  fo  that  every 
man  may  reft  afiured,  that,  from  all  eternity,  he  en« 
tcrcd  into  the  plan  of  the  univerfc.    How  ought  this 
confidcration  to  increafe  our  confidence,  and  our  joy 
in  the  providence  of  God,  on  which  all  religion  is 
founded !  You  fee  then,  that  on  this  fiide  religion 
and  philofophy  are  by  no  means  at  variance* 

^(ij^fmtny^  1761. 
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Liberty  of  intelligent  Beings  in  Harmony  zcitb  the 
Doarines  of  the  CbrifJan  Religion. 

IBERTY  is  a  quidity  fo  effential  to  every  fpi- 
^  ritu;a  being,  that  God  himfelf  cannot  diveft 
em  of  it,  juft  as  He  cannot  diveft  a  body  of  it's  ex- 

tenlion^ 


tenfion,  or  of  it's  inertia^  without  entirdy  deftroyingi 
or  antiifailating  it :  to  diveft  l  fpirit  of  liberty,  there^ 
fcnre,  would  be  the  &me  thing  as  to  annihilate  it. 
This  Dfiuft  be  underftood  of  the  i^irit,  or  foul  itfelf^ 
and  not  of  the  adtions  of  the  body,  which  the  foul 
direfts,  in  conformity  to  it's  will*  If  you  would 
prevent  me  from  writing,  you  have  but  to  bind  my 
lands ;  to  write  is,  undoubtedly,  an  exercife  of  li* 
berty ;  but  then,  though  you  may  (ay,  that  you  have 
deprived  me  of  the  liberty  of  writing,  you  have  only 
deprived  my  body  of  the  faculty  of  obeying  the  dic- 
tates of  my  foul.  Bind  me  ever  fo  hard,  yoM  cannot 
e]afalgui&  in  my  fpirit  an  inclination  to  write ;  att 
you  am  do  is  to  prevent  the  execution  of  it. 

We  muft  always  carefully  diftinguifh  between  iii- 
i^&atiofi,  or  the  ad  of  willing,  and  execution,  which 
b  performed  by  the  minilhration  of  the  body.  The 
aft  of  willing  cannot  be  retrained  by  any  exterior 
p01i^9  not  even  by  that  of  God,  for  liberty  is  inde* 
petident  of  all  exterior  force.  But  there  are  means 
of  hiding  on  fpirits,  by  motives  which  have  a  ten- 
dency^ not  to  conftrain^  but  to  perfuade.  Let  a  man 
be  firmly  determined  to  engage  in  any  enterprize, 
^ynd  let  us  fuppofe  the  execution  of  it  prevented ; 
vrithout  making  any  change  in  his  intention,  or 
will,  it  might  be  poffible  to  fuggefl  motives,  which 
ihould  engage  him  to  abandon  his  purpofe,  without 
eifijdoying  any  manner  of  oonfbraint :  however 
pofn^r^l  thefe  motives  may  be,  he  is  always  ma{):er 
of  his  own  will ;  it  never  can  be  (iiid,  that  he  was 
£CMrced5  (MT  conflramed,  to  k,  at  leaficthe  expreffion 

2  would 
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<livine  Providence  over-ruled  that  circumftance,  fo 
falutary  to  him.  In  facl,  without  the  opportunity^ 
over  ^\'hich  the  man  had  no  power,  he  would  have 
perfifted  in  a  finful  courfe. 

Hence,  you  will  eafily  comprehend  the  meaning  of 
fuch  expreffions  as  thefe  :  "  Man  can  do  nothing  o( 
**'  himfelf ;  all  depends  on  divine  grace ;  it  is  God 
**  that  wdrketh  to  will  and  to  do/*  The  favourable 
xircumftances  which  Providence  fupplies  to  men,  are 
Sufficient  to  elucidate  thefe  expreffions,  without  hav- 
ing recourfe  to  a  fecret  force,  which  afts  by  conftraint 
,on  human  liberty ;  as  thefe  circumftances  are  dire<5bed 
of  God,  in  conformity  to  the  moft  confummate  wiC- 
dom,  in  the  view  of  conducing  every  intelligent 
being  to  happinefs  and  falvation,  unlefs  he  wilfully 
rqefts  the  means  by  which  he  might  have  attained 
true  felicity. 

6fb  January,  1 76  r • 
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Elucidation  refpcding  the  Nature  of  Spirits. 

TN  order  more  clearly  to  elucidate  what  I  have  juft 
-*•  faid  refpefting  the  difference  between  body  and 
fpirit ;  for  it  is  impoffible  to  be  too  attentive  to  what 
conftitutes  that  difference,  as  it  extends  fo  far,  that 
-Ipirit  has  nothing  in  common  with  body,  nor  body 
with  fpirit,  I  think  it  necelfary  to  fubjoin  the  follow- 
ing reflexions. 

Extenfion, 
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Extenfion,  inertia  and  impenetrability,  arc  the  t)ro* 
perties  of  body ;  Spirit  is  without  extenfion,  without 
inertia^  without  impenetrability.  All  philofophcrs 
are  agreed,  that  extendon  cannot  have  place  in  re» 
fycdi  of  fpirit.  It  is  a  felf-evident  truth,  for  every 
thing  extended  is  diviiible,  and  you  can  form  the 
idea  of  it's  parts ;  but  a  fpirit  is  fufceptibk  of  no  di- 
vifion ;  you  can  have  no  conception  of  it's  half,  or 
of  it's  third  part.  Every  fpirit  is  a  complete  being, 
to  the  exduiion  of  all  parts ;  it  cannot,  then,  be  af- 
firmed, that  a  fpirit  has  length,  breadth,  or  thick- 
xids.  In  a  word,  all  that  we  conceive  of  extetifion, 
fiiuft  be  excluded  from  the  idea  of  a  fpirit. 

It  would  appear,  therefore,  that  as  fpirits  have  no 
magnitude,  they  inuft  refemble  geometrical  pcnnts, 
the  definition  of  which  is,  that  they  have  neither 
length,  breadth,  nor  depth.  Would  it  be  a  very  ac- 
curate idea  to  reprefent  to  ourfelves  a  fpirit  by  a  ma- 
thematical point?  The  fcholaftic  philofophers  have 
profeffed  this  opinion,  and  confidered  fpirits  as  beings 
infinitely  fiiiall,  fimilar  to  the  moft  fubtile  particles 
of  duft,  but  endowed  with  an  inconceivable  aftivity 
and  agility,  by  which  they  are  enabled  to  tranfport 
themfelves,  in  an  inftant,  to  the  greateft  diftances. 
They  maintained,  that  in  virtue  of  this  extreme  mi- 
nutenefs,  millions  of  fpirits  might  be  inclofed  in  the 
fmalleft  fpace  ;  they  even  made  it  a  queftion,  How 
many  fpirits  could  dance  on  the  point  of  a  needle  ? 

The  difciples  of  Wolff  zrt  nearly  of  the  fame  opi- 
nion.    According  to  them,  all  bodies  are  compofed 
articles  extremely  minute,  divefted  of  all  magni- 
tude. 
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tude,  and  they  give  them  the  name  of  monads.  A 
monad,  then,  is  a  fubftance  deftitute  of  all  extenfion, 
and  on  dividing  a  body,  till  you  come  to  particles  fo 
minute,  as  to  be  fufceptible  of  no  farther  divifion, 
you  have  got  to  the  Wolfian  monad,  which  diflfers, 
therefore,  from  the  moft  fubtile  particle  of  duft,  only 
in  this,  that  the  minuteft  particles  of  duft  are  not, 
perhaps,  fufficiently  fmall,  and  that  a  farther  divifion 
is  ftill  neceffary  to  obtain  real  monads. 

Now,  according  to  Mr.  Wolffs  not  only  all  bodies 
are  compofed  of  ^lonads,  but  every  fpirit  is  merely 
a  monad ;  and  the  Supreme  Being,  I  tremble  as  I 
write  it,  is,  likewife,  a  monad.  This  does  not  con- 
vey a  very  magnificent  idea  of  God,  of  fpirits,  and 
of  the  fouls  of  men.  I  cannot  conceive,  that  my 
foul  is  nothing  more  than  a  being,  fimilar  to  the  laft 
partides  of  a  body,  or  that  it  is  reduced  almoft  to  a 
point.  It  appears  to  me  ftill  lefs  capable  of  being 
maintained,  that  feveral  fouls  joined  together,  might 
form  a  body,  a  flip  of  paper,  for  example,  to  light  a 
pipe  of  tobacco.  But  the  fupporters  of  this  opinion, 
go  upon  this  ground,  that  as  a  fpirit  has  no  magni- 
tude, it  muft,  of  neceflity,  refemble  a  geometrical 
point.   Let  us  examine  the  folidity  of  their  reafoning. 

I  remark,  firft,  that  as  a  fpirit  is  a  being  of  a  na- 
ture totally  different  from  that  of  body,  it  is  abfurd 
to  apply  to  it  ftandards,  which  fuppofe  magnitude, 
and  that,  confequently,  it  would  be  folly  to  afk,  how 
many  feet,  or  inches,  long,  a  fpirit  is,  or  how  many 
pounds,  or  ounces,  it  weighs  ?  Thefe  queftions  are 
applicable  only  to  things  which. have  length,  or 
^  VquI.  a  a  weight: 
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wci^t :  and  are  as  abfiird  as  if^fpeakiiig  of  time,  it 
were  to  be  aiked,  how  many  feet  long  an  iioitr  was, 
or  how  many  pounds  it  weighed  ?  I  can  always,  con>> 
fidently,  affirm,  that  an  hour. is  not  equal  toa  lineof 
loo  feet,  or  of  ten  feet,  or  of  one  foot,  or  any  other 
fiandard  of  meafure ;  but  it  by  no  meai^  follows, 
that  an  hour  muft  be  a  geometrical  point*  An  hour 
is  of  a  nature  entirely  di&rent,  and  it  is  inqxxfliUc 
to  apply  to  it  any  fiandard,  which  fuppolcs  a  length, 
which  may  be  eaq)refled  by  ffeet,  or  inches. 

The  (aine  thing  holds  good  as  to  i^irit.  I  can  al» 
ways  boldly  affirm,  that  a  ipirit  is  not  ten  feet^  rnx 
loo  feet,  nor  any  other  number  of  feet ;  but  it  does 
not  hence  follow,  that  a  fpirit  is  a  point,  any  more 
than  that  ^  hour  muft  be  one,  becaufe  it  cannot  be 
meafured  by  feet  or  inches.  A  fpirit,  then,  is  not  a 
monad,  or  in  any  refped  fimilar  to  the  ultimate  par- 
ticles into  which  bodies  may  be  divided  ;  and  you 
arc  pcrfcdly  able  to  comprehend,  that  a  fpirit  may 
have  no  extenfion,  without  being,  on  that  account, 
a  point,  or  a  monad.  We  muft,  therefore,  feparatc 
every  idea  of  extenfion  from  that  of  fpirit. 

To  aik.  In  what  place  does  a  fpirit  refide  ?  would 
be,  for  the  iame  reafon,  likewife,  an  abfurd  qucftion  j 
for  to  conned  fpirit  with  place,  is  to  afcribc  exten- 
fion to  it.  No  more  can  I  lay,  in  what  place  an  bouf 
is ;  though  affuredly  an  hour  is  fomething ;  fome* 
thing,  therefore,  may  exift,  without  being  attached 
to  a  cert^n  place.  I  can,  in  like  manner,  affirm; 
that  my  foul  does  not  refide  in  ray  head,  nor  out  of 
my  head,  nor  in  any  particular  placcj  without  it's 

being 
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being  deduced,  as  a  confequence,  that  my  foul  has, 
therefore,  no  exiftence ;  juft  as  it  may  be  with  truth 
affirmed  of  the  hour  now  paffing,  that  it  exifts  nei- 
in  my  head,  nor  out  of  my  head.  A  fpirit  exifts, 
then,  though  not  in  a  certain  place ;  but  if  our  re»- 
flection  turns  dn  the  power  which  a  fpirit  has,  of 
adting  upon  a  body,  the  a(^on  is,  moft  undoubtedly, 
performed  in  a  certain  place. 

My  foul,  then,  does  not  exift  in  a  particular  place, 
but  it  ads  there,  and  as  God  poffeffes  the  power  of 
ading  upon  all  bodies,  it  is,  in  this  refpeft,  Xvc  fay. 
He  is  every  where,  though  his  exifteUct  is  attached 
to  no  place. 


>9^:£«#< 
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The  Subjeil  continued.     Reflexions  on  the  State  of  Souls 

after  Death. 

"TT'OU  will,  probably,  be  furprized  at  the  fenti- 
-*•  ment  which  I'  have  juft  now  ventured  to  ad- 
vance, that  fpirits,  in  virtue  of  their  nature,  are  in 
no  place.  In  thus  affirming,  I  ihall,  perhaps,  be  in 
danger  of  paffing  for  a  man  who  denies  the  exift- 
ence of  fpirits,  and,  confequently,  that  of  God.  But 
I  have  already  demonftrated,  that  fomething  may 
exift,  and  have  a  reality,  without  being  attached  to 
any  one  place.  The  example  drawn  from  an  hour, 
though  feeble,removes  the  greateft  difficulties,  though 

Aa  2  thespe 
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there  is  an  infinite  difiference  between  an  hour  and  a 
Spirit. 

'i'he  idea  which  I  form  of  fpirits,  appears  to  me 
incomparably  more  noble  than  that  of  thofe  who 
confider  them  as  geometrical  points,  and  who  reduce 
God  himfclf  to  this  dafs.  What  can  be  more  dock- 
ing than  to  confound  all  fpirits,  and  the  Supreme 
Being  among  the  reft,  with  the  minuteft  particles 
into  which  a  body  is  divifiblc,  and  to  rank  them  in 
the  fame  clafs  with  thefc  particles,  which  it  is  not  in 
the  power  of  the  learned  term  monad  to  ennoble  ? 

To  be  in  a  certun  place,  is  an  attribute  bdonging 
only  to  corporeal  things,  and,  as  fpirits  are  of  a  to- 
tally different  nature,  it  is  not  a  matter  of  furprize 
to  fay,  that  they  are  not  to  be  found  in  any  place, 
and  I  am  under  no  apprehcnfion  of  reproach,  for  the 
elucidations  which  I  have  fubmitted  to  you  on  this 
fubject.  It  is  thus  I  exalt  the  nature  of  fpirits  infi- 
nitely above  that  of  bodies. 

Every  fpirit  is  a.  being  that  thinks,  refleds,  rea- 
liins,  deliberates,  acts  freely,  and,  in  one  word,  that 
lives :  whereas  body  has  no  other  qualities  but  that 
of  being  extended,  fufceptible  of  motion,  and  impe- 
netrable ;  from  whence  refults  this  univerial  quality, 
that  «r\'cry  body  rt-mains  in  the  fime  ftate,  as  long  as 
f  of  mutual  penetration,  or  of 
lit'  change  ;  and  in  cale  of  the 
eiict rating  each  other,  if  they  con- 
( tlidr  (btc,  their  impenetrability 
A'crs  requilitc  to  change  their 
ftate. 
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ftate,  as  far  as  It  is  neceffary  to  prevent  all  penetra- 
tion. 

In  this  confift  all  the  changes  which  take  place  in 
bodies :  all  is  paffive,  and  neceffarily  befiills  them  in 
conformity  to  the  laws  of  motion.  There  is,  in  body, 
neither  intelligence,  nor  will,  nor  liberty :  thefe  are 
the  fupereminent  qualities  of  fpirits,  while  bodies  are 
not  even  fufceptible  of  them. 

It  is  fpirit,  likewife,  which  produces,  in  the  corpo- 
real world,  the  principal  events,  the  illuftrious  ac- 
tions, of  intelligent  beings,  which  are  all  the  eflFeft 
of  the  influence  which  the  fouls  of  men  exercife 
upon  their  bodies.  This  power,  which  every  foul 
has  over  it's  body,  cannot  but  be  confidered  as  a  gift 
of  God,  who  has  eftablifhed  this  wonderful  union 
between  foul  and  body.  And  as  I  find  my  foul  in 
fuch  an  union  with  a  certain  particle  of  my  body, 
concealed  in  the  brain,  it  may  be  faid,  that  the  feat 
of  my  foul  is  in  that  fpot,  though,  properly  fpeak- 
ing,  my  foul  refides  no  where,  and  is  referahle^^o 
that  place  of  my  body 3,  only  in  virtue  of  it's  aftion, 
and  of  it's  power. 

It  is  alfo  the  influence  of  the  foul  upon  the  body 
which  conftitutes  it's  life,  which  continues  as  long  as 
thk  unifon  fubfifls,  or  as  the  organization  of  the 
bpdy  remains  entire.  Death,  then,  is  nothing  elfe 
but  the  diffolution  of  this  union,  and  the  foul  has 
no  neied  to  be  tranfported  elfewhere ;  for,  as  it  re- 
fides  in  no  place,  all  places  muft  be^  indifferent  to  it ; 
^  and,  coniequendy,  if  it  fhould  pleafe  God,  after  my 
idsithy  to  eftaUiih  a  new  union  between  my  foul?  and 
'  .^    •■  A  a  3  m 
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an  organized  body  in  the  moon,  I  ihould  infiantly 
be  in  the  moon,  without  the  trouble  of  a  long  jour- 
ney. And  if,  even  now,  God  were  to  grant  to  my 
foul,  a  powar  over  an  organized  body  in  the  moon,  I 
ihould  be  equally  here,  and  in  the  moon ;  and  this 
involves  no  manner  of  contradiction.  It  is  body 
only  which  cannot  be  in  two  pbces  at  once ;  but 
there  is  nothing  to  prevent  fpirit,  which  has  no  re- 
lation to  place,  in  virtue  of  it's  nature,  to  act  at  the 
fame  time,  on  feveral  bodies,  iituated  in  places  very 
remote  from  each  other;  and,  in  this  reaped:,  it 
might  be  iaid,  with  truth,  that  it  was  in  all  thefe 
places  at  once. 

This  fupplies  us  with  a  clear  elucidation  of  the 
onuiiprefence  of  God :  it  is,  that  his  power  extends 
to  the  whole  univerfe,  and  to  all  the  bodies  which  it 
contains*  It  appears  to  me,  of  confequence,  an  ini- 
proper  expreffion,  to  lay,  that  God  exifts  everywhere, 
as  the  exiftence  of  a  fpirit  has  no  relation  to  place. 
It  is  more  corifonant  with  propriety  to  lay,  God  is 
every  where  prefent. 

Let  us  now  compare  this  idea  with  that  of  the 
M^dlisuxs^  who,  reprcfenting  Deity  under  the  idea 
€i'4i;|Kmit,  attach  him  to  one  fixed  place,  as,  in  fad, 
csumot  be  in  feveral  places  at  once ;  and  how 
poffible  to  reconcile  the  divine  onmipotence, 
tk»  idea  of  a  point  ? 

9Jtb  being  a  diiic^ution  of  the  union  fiibfifiing 

Otfn  the  ibiil  and  body  during  life,  we  are.  en- 

to  fenaibme  idea  of  the  ftate  of  the  foul  after 

te  li)ie  Im}^  doriDg  life,  derives  afit  it's  know« 

kdgc 
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ledge  through  the  medium  of  the  fenfes,  being  de- 
prived, by  death,  of  the  information  communicated 
through  the  fenfes,  it  no  longer  knows  what  is  paf- 
ling  in  the  material  world ;  this  ftate  might,  in  fome 
refpedb,  be  compared  to  that  of  a  man  who  fhould, 
all  at  once,  become  blind,  deaf,  dumb,  and  deprived 
of  the  uie  of  all  the  other  fenfes.  Such  a  man  would 
retain  the  knowledge  which  he  had  acquired,  through 
the  medium  of  fenfe,  and  might  continue  to  refleft 
on  ideas  previoufly  formed ;  his  own  actions,  efpe- 
dally,  might  fupply  an  ample  ftore,  and,  finally,  the 
£aKiiIty  of  reafoning  might  remain  entire,  as  the  body, 
in  no  refpeft  whatever  contributes  to  it*s  cxerdfe. 
,  sleep,  Hkewife,  fumilhes  us  w  ith  fomething  like 
an  example  of  this  ftate,  as  the  union  between  foul 
and  body  is  then,  in  a  great  meafure,  interrupted  ; 
though  the  foul,  even  in  fleep,  ceafes  not  from  exert- 
ing  it's  aftivity,  being  employed  in  the  produftion 
of  what  we  call  dreams.  Thefe  dreams  are  ufually 
very  much  diftnrbed,  by  the  remains  of  the  influ- 
ence which  the  fenfes  ftill  exercife  over  the  foul ; 
and  we  know,  by  experience,  that  the  more  this  in- 
fluence is  fufpended,  which  is  the  cafe  in  very  pro- 
found fleep,  the  more  regular  and  conneftcd,  like- 
wife,  our  dreams  are.  Thus,  after  death,  we  fliall 
find  ourfelves  in  a  more  perfeft  ftate  of  dreaming, 
which  nothing  fliall  be  able  to  difcompofe :  it  fliall 
confifl;  of  reprefentations,  and  reafonings,  perfeftly 
wdl  kept  up.  And  this,  in  my  opinion,  is  nearly  all 
we  can  lay  of  it,  at  leaft,  with  any  appearance  of 
reaibnt 

.  9pb  Jmn,  ijtu 
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Conjiderations  on  the  A'^ion  of  the  Soul  upon  the  Bodyj 

and  of  the  Body  upon  the  Soul. 

AS  the  foul  is  the  principal  part  of  our  being,  it 
is  of  high  importance,  thoroughly  to  invefti- 
gate  it^s  operations.  You  will  pleafe  to  recollect, 
that  the  union  between  the  foul  and  the  body,  conr 
tains  a  two-fold  influence :  by  the  one,  the  foul  per- 
ceives and  feels  all  that  paffes  in  a  certain  part  of  the 
brain ;  and  by  the  other,  it  has  the  power  of  ading 
on  that  fame  portion  of  the  brain,  ajid  of  produciiig 
certain  motions  in  it. 

Anatomifts  have  taken  infinite  pains  to  difcover 
this  part  of  the  brain,  which  is  juftly  called  the  feat 
qf  the  foul ;  not  that  the  foul  adhially  refides  there, 
for  it  is  not  confined  to  any  place,  but  becaufe  the 
power  of  acting  is  attached  to  that  fpot.  It  may  be 
faid,  that  the  foul  is  prefent  there,  but  not  that  it 
exifts  there,  or  that  it's  exiftoice  is  limited  to  it. 
This  part  of  the  brain  is,  undoubtedly,  that  in  which 
aU  the  pervca  terminate ;  now,  ainatomifts  tell  us, 
t|ij|t, jju> .  teOfnination  is  in  a  osrtain  portion  of  the 
ftvuftich  they  term  the  callous  body.  This,  there- 

dSder.as  the  feat  of  the  foul,  and  the 
ui^ed)  upon  every  foul,  fuch  a  power 
IJBianl^raiie  *  of  his  body,  that  it  not 


given  us  a  more  exaft  and  particular  de« 
lin,  we  have  been  obliged  to  relinquifh  this 

opinion ; 
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only  perceives  all  that  paffes  there,  but  is,  likewife, 
able  to  produce  a  reciprocal  impxeffion.  Here,  then, 
>^^c  obferve  a  two-fold  aftion :  the  one,  by  which  the 
body  acts  upon  the  foul,  and  the  other,  by  which  the 
foul  afts  upon  the  body,  but  thefe  aclions  are  infi^ 
ijiitely  diflferent  from  thofe  which  bodies  exercife 
upon  other  bocUes. 

The  foul,  from  it's  union  with  the  corpus  caUofiiniy 
finds  itfelf  intimately  connefted  with  the  whole  body, 
liy  means  of  the  nerves,  which  are  thence  univerfally 
diffiifed.  Now,  the  nerves  are  fibres  fo  wonderfully 
confixuS;ed,  and,  to  all  appearance,  filled  with  a  fluid 
fo  fubtile,  that  the  flightefl  change  which  they  un- 
dergo,  at  one  extremity,  is  inflantly  communicated 

,  tp  the  pther  extremity  in  the  brain,  where  the  feat  of 
the  foul  is.  And,  reciprocally,  the  flightefl  impref^. 
^on  made  by  the  foul,  on  the  extremities  of  the 
nerves,  in  the  corpus  callofuniy  is  immediately  tranf- 
mitted  through  the  whole  extent  of  every  nerve ; 
and  it  is  thus,  that  the  mufcles  and  members  of  our 
bodies  are  put  in  motion,  and  obey  the  conmiands 
QjFthefouL  > 

This  wonderful  flrufture  of  the  body,  places  it  in 

.  a  very  dofe  connexion  with  all  exterior  objefts, 

# 

whether  near  or  remote,  which  may  aft  upon  it, 
either  by  immediate  contact,  as  in  feeling  and  tailing; 
or  by  their  exhalations,  as. in  fmelling.     Bodies,  at  a 

opinion  :  but  their  labours  may,  perhaps,  one  day  inform  us,  what 
we  are  to  underiland  by  the  origin  of  the  nerves,  and  even,  to  a 
certain  point,  in  what  manner  they  tranfmit  to  the  l^rain  the  iin« 
Ufcffipns  which  they  receivc.-^P.  J?« 

great 
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great  diftancc,  aft  on  the  fenfc  of  hearing,  when  they 
make  a  noife,  and  exert  in  the  air  vibrations  which 
flrike  our  ears ;  they  aft,  likewife,  upon  the  fight, 
when  they  arc  illumined,  and  tranfmit  into  our  eyes 
the  rays  of  light,  which  confift,  in  like  manner,  in  a 
certain  vibration,  caufed  in  that  niedium,  much 
more  fubtile  than  the  air,  which  we  call  Ether.  It 
is  thus  that  bodies,  both  near  and  remote,  may  aft 
upon  the  nerves  of  our  body,  and  produce  certain 
impreffions  in  the  corpus  callofum^  firom  which  the  foul 
derives  it's  perceptions. 

From  every  thing,  therefore,  which  makes  an  im- 
prefiion  on  our  nerves,  there  refnlts  a  certain  change 
in  the  brain,  of  which  the  foul  has  a  perception, 
and,  thereby,  acquires  the  idea  of  the  objeft  which 
caufed  it.  We  have  here,  then,  two  things  to  be 
examined :  the  one  is  corporeal,  or  material^  which  is 
the  impreffion,  or  the  change  produced  in  the  corpus 
callofum  of  the  brain ;  the  other  fpiritual^  namely, 
the  perception,  or  the  information,  which  the  foul 
derives  from  it.  It  is,  if  I  may  fo  exprefs  nryfelf, 
from  the  contemplation  of  what  paHes  in  the  corpus 
caUofum^  that  all  our  knowledge  is  derived. 

You  muft  permit  me  to  enter  into  a  more  parti- 
cular detail,  on  this  important  article.  Let  us,  firft, 
confider  cme  linglc  fenfc,  fay,  that  of  fmelling,  which 
being  the  Icaft  complicated,  fecms  the  moft  proper  to 
affift  us  in  our  rcfcarches.  Suppofe  all  the  other 
fetiics  annihilated,  and  that  a  rofe  was  applied  to  the 
^  ^fc  J  it^s  exhalations  would,  at  once,  exdte  a  cer- 
agitation  in  the  narve*  of  the  nofe,  whicli,   . 

thence 
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thence  tranfmitted  to  the  corpits  caUofum^  will  occa- 
fion  there,  likewife,  fome  change,  and  in  this  confifts 
the  material  circumftance,  which  is  the  fubjcft  of  our 
invcftigation.  Thfs  flight  change,  produced  in  the 
corpsts  callofum^  is  then  perceived  by  the  foul,  and  it 
thence  acquires  the  idea  of  the  fmell  of  a  rofe  :  and 
this  is  the  y^iri/Kj/ operation  which  takes  place ;  but 
we  cannot  explain  in  what  manner  this  is  done,  as  it 
depends  on  the  incomprehenfible  union  which  the 
Creator  has  eftabliflied  between  the  body  and  the 
foul. 

It  is  certain,  however,  that  upon  this  change,  in 
the  corpus  callofum^  there  is  excited  in  the  foul  the 
idea  of  the  finell  of  a  rofe,  or  the  contemplation  of 
this  change  furnifhes  to  the  foul  a  certain  idea,  that 
of  the  fmell  of  a  rofe,  but  nothing  more :  for,  as  the 
other  fenfes  are  fufpended,  the  foul  can  form  no  judg- 
ment of  the  nature  of  the  object  itfelf,  which  fug- 
gefted  this  idea ;  the  idea  of  the  fmell  of  a  rofe  alone, 
was  cxdted  in  the  foul.  Hence,  we  comprehend, 
that  the  foul  does  not  form  this  idea  of  itfelf,  for  it 
would  have  remained  imknown,  but  for  the  prcfence 
of  a  rofe.  But  farther,  the  foul  is  not  indifferent 
with  refpeft  to  it ;  the  perception  of  this  idea  is 
agreeable ;  the  foul  itfelf  is,  fome  how,  intef efled  in 
it.  Accordingly,  we  fay,  that  the  foul  feels  the  odour 
of  the. rofe,  and  this  perception  we  aH^  fenfatim. 

It  is.  the  fame  with  all  the  other  fenfes  ;  every  ob- 
ject, by  which  they  are  Itruck,  excites  in  the  corpus 
callofum  a  certain  change,  which  the  foul  obferves 
with  a.jlcnfatkm^  agjreeaUe  or  difagreeable,  and  from 

which 
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which  it  derives  the  idea  of  the  object  which  caufcd 
it.  This  idea  is  accompanied  w  ith  a  fenfation,  fo 
much  the  ftronger,  and  more  iatciife,  as  the  impref- 
fion  made  on  the  corpus  calhfum  is  more  lively.  It  is 
thus,  that  tlie  foul,  by  contemplating  the  changes 
produced  in  the  corpus  callofum  of  the  brain,  acquires 
ideas,  and  is  affected  by  them ;  and  this  is  what  we 
underitand  by  tlie  term  fenfation. 

I'jtb^fiit*  1 761. 
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Of  the  Faculties  of  the  Soul ^  'and  of  judgment. 

T  TAD  we  no  other  fenfe  but  that  of  fmelling,  our 
-*•  ■*"  knowledge  would  be  very  limited ;  we  ihould, 
then,  have  no  other  fenfation  tlian  that  of  odours, 
the  diverfity  of  which,  were  it  ever  fo  great,  could 
not  very  much  intereft  our  foul ;  being  reftrided  to 
this,  that  agreeable  fmells  would  procure  fome  degree 
of  pleafure,  and  fuch  as  are  difegreeable,  would  ex^ 
dte  fome  difguft. 

But  this  very  drcumftance  carries  us  forward  to  a 
moftimportant  inquiry :  Whence  is  it,  that  one  finell 
is  agreeable,  and  another  difgufting  ?  It  cannot  be  a 
matter  of  doubt,  that  agreeable  fmells  excite,  in  the 
^t^llrfum^  a  different  agitation  from  that  which 
iduced  by  the  diiagrceable  •,  but  how  comes  it, 
>Re  agitation,  in  the  cof-^m  caUofum^  can  give 
i  to  the  foul,  while  a3a.<=A\i^t  \s  offenfive,  and 

even^ 
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even,  frequently,  becomes  infupportable  ?  The  caufe 
of  this  diflFerence  refides  no  longer  in  body,  and  mat- 
ter ;  we  muft  look  for  it,  in  the  nature  of  the  foul 
itfelf,  which  enjoys  a  certain  pleafure  in  feeling  cer- 
tain agitations,  while  others  excite  uneafinefs :  and 
the  real  caufe  of  this  effect  we  do  not  know. 

Hence  we  comprehend,  that  the  foul  does  more 
than  (imply  perceive  what  paffes  in  the  brain,  or  cor- 
pus cnllofum  ;  it  fubjoins  to  fenfation,  a  judgment  re- 
fpefting  what  it  finds  agreeable,  or  difgufting,  and, 
confequently,  exercifes,  befide  the  faculty  of  perceiv- 
ing, another,  and  a  difierent  faculty,  that  of  judging: 
and  this  judgment  is  wholly  diflferent  from  the  fimple 
idea  of  a  fmell. 

.  The  iame  confideration,  of  the  fenfe  of  fmelling 
only,  difcovers  to  us  ftill  other  ads  of  the  foul.  When 
the  fmells  are  changed,  when  you  apply  to  the  nofe 
a  carnation  after  a  rofe,  the  foul  has  noi:  only  a  per- 
ception of  both  fmells,  but,  likewife,  remarks  a  dif- 
ference between  them.  Hence  we  conclude,  that  the 
foul  ftill  retains  the  preceding  idea,  to  compare  it 
with  that  which  follows ;  in  this  confifts  reminifcence^ 
or  memory,  by  which  we  have  the  power  of  recall- 
ing  ideas,  antecedent  and  paft.  Now,  the  real  fource 
6f  memory  is  entirely  concealed  from  us.  We  know 
well,  that  the  body  lias  much  to  do  in  it ;  for  expe- 
rience affures  us,  that  difeafe,  and  various  accidents, 
yrhich  befall  the  body,  weaken,  and  frequently  de- 
fltroy,  the  memory' :  it  is  equally  certain,  at  the  fame 
time,  that  the  recoUeftion  of  ideas  is  the  proper 
work  of  the  foul.     A  recolleded  idea  is  eflentially 

6  different 
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diiierent  from  an  idea  exdtcd  by  an  obje^  I  hare 
a  perfecl  recollection  of  the  fun,  wluch  I  fiiw  to  day, 
,but  this  idea  greatly  differs  from  that  which  I  had 
while  I  was  looking  at  the  fun. 

Some  authors  pretend,  that  when  we  recall  an  idea, 
there  happens  in  the  brain  an  agitation  iimilar  to 
tliat  which  firft  produced  it ;  but  if  this  were  the 
cafe,  I  ihould  actually  fee  the  fun ;  it  would  no  lon- 
ger be  a  recollected  idea.  They  admit,  indeed^  that 
the  agitation  which  accompanies  the  recalled  idea,  is 
much  weaker  than  that  from  which  the  original  idea 
proceeded ;  but  dill  I  am  not  fatisfied  with  this,  for 
it  would  thence  follow,  that  when  I  recal  the  idea  of 
the  fun,  it  would  be  much  the  fame  as  when  I  fee 
the  moon,  the  light  of  which,  you  will  pleafe  to  re- , 
member,  is  about  200,000  times  weaker  than  that 
of  tlie  fun.  But  achially  to  look  at  the  inoon,  and 
limply  to  rccolleft  the  fun,  are  two  things  abfolutely 
different. 

We  may  fay  with  truth,  that  the  recollefted  ideas 
are  the  fame  with  the  aftual  ideas ;  but  this  identity 
refpecte  only  the  foul ;  with  regard  to  the  body,  the 
a&ual  idea  is  accompanied  with  a  certain  agitation  in 
the  brain,  whereas  the  recoUefted  one  is  deftitute  of 
k.  Accordingly,  we  fay,  that  the  idea  which  I  fed, 
or  which  an  objeft  afting  on  my  fenfes  excites  in  my 
foul,  is  a  fenfation  ;  but  it  can  with  no  propriety  be 
(aid,  that  a  recoUefted  idea  is  a  fenfation.  To  recol-i 
le&j  and  to  feel,  always  remain  two  things,  abfolutely 

When,  therefore,  the  foul  compares  two  diflfercnt 

fmells,  • 
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fmellsy  when  it.  has  the  idea  of  the  one  from  the  pre- 
fence  of  an  objeft  afting  on  the  fenfe  of  finelling, 
and  that  of  the  other  from  recoUeftipn,  it  has,  in 
hAy  two  ideas  at  once,  the  actual  idea,  and  the  recol- 
leAed  idea :  and  in  pronouncing,  whether  of  the  two 
is  more  or  lefs  agreeable,  or  difagreeable,  it  exerts  a 
particular  faculty,  diftincl  from  that  by  which  it 
only  contemplates  what  is  prefented  to  it. 

But  the  foul  performs  ftiil  other  operations ;  when 
a  fucceffion  of  feveral  different  fmells  is  prefented  to 
it ;  for  while  it  is  ftruck  with  each  of  thefe,  in  it's 
turn,  the  preceding  are  recolleAed,  and  a  notion  is 
thereby  acquired  of  paft  and  prefent,  and  even  of 
future,  when  new  fcnfations  are  propofed,  fimilar  to 
thofe  of  which  it  has  already  had  experience.  -  It 
thence,  likewife,  derives  the  idea  of  fucceffion,  in  as 
much  as  it  undergoes  feveral  impreffions  fucceffively, 
and  hence  refults  the  idea  of  duration^  and  of  time. 
Finally,  on  remarking  the  diverfity  of  fenfations, 
which  fucceed  each  other  ;  it  begins  to  reckon  one^ 
iWQy  ihree^  &c.  though  this  fliould  not  go  farther, 
from  want  of  figns,  or  names,  wherewith  to  mark 
numbers.  For,  fupppfing  a  man  has  juft  begun  to 
exift,  and  who  has  hitherto  experienced  no  fcnfa- 
tions, but  thofe  of  which  I  have  been  fpeaking ;  far 
from  having  created  a  language  for  himfelf,  he  only 
knows  how  to  exert  his  firft  faculties,  on  the  fimple 
ideas  which  the  fenfe  of  fmelling  prefents  to  him. 
.  You  fee,  then,  that  the  man  in  queftion,  has  al- 
ready acquii:ed  the  capacity  of  forming  to  himfelf 
ideas  of  diverfity,  of  the  prefent,  of  the  paft,  and 

eveu 
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even  of  the  future ;  afterwards,  of  fucceflion,  of  the 
duration  of  time,  and  of  number^  or  at  leaft  of  the 
clemeilts  of  thefe  ideas.  Some  authors  pretend,  that 
fuch  a  man  could  not  acquire  the  idea  of  the  dura- 
tion of  time,  without  a  fucceflion  of  different  fenla- 
tions ;  but  it  appears  to  me,  that  the  fame  fenfation, 
the  fmell  of  the  rofe,  for  example,  being  continued 
for  a  confiderable  time  together,  he  would  be  dif- 
ferently affected  by  it,  than  he  would,  if  it  were  pre- 
sently withdrawn*  A  very  long  duration,  of  the 
fame  fenlation,  would,  at  length,  become  tirefome, 
which  would,  neceilarily,  excite  in  him  the  idea  of 
duration.  It  muft  certainly  be  allowed,  that  his  foul 
would  be  fenfible  of  a  very  different  effect,  if  the 
fenfation  were  continued  long,  than  if  it  lailed  only 
for  a  moment :  and  the  foul  will  clearly  percdve 
this  difference ;  it  will,  accordingly,  have  fome  idea 
of  duration,  and  of  time,  without  any  variation  of 
the  fenfatioRs. 

Thefe  refleciions  which  the  foul  makes,  occafioned 
by  it's  feniations,  are  wliat  properly  belong  to  it's 
fpiriiimlity^  the  body  fumilhing  only  fimple  feniations* 
The  perception  of  thefe  fenfations  is,  already,  an  ad 
of  the  foul's  fpirituality ;  for  a  body  can  never  ac- 
quire ideas. 

%oih  Jamimry^  1761. 
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Letter  icvi. 

xJlohviflion  of  the  Exijierice  of  what  we  perceive  by  tJje 
Senfes.    Of  the  Idealijfsy  Egotijlsj  and  Mdterialijis. 

IN  all  the  fehfatiohs  which  we  experience,  when 
one  of  our  fenfes  is  ftruck  by  any  objeft,  it  is  a 
matter  of  high  importance  to  remark,  that  the  fonl 
not  only  acquires  an  idea,  conformed  to  the  impref^ 
fion  made  on  the  nerves,  but  that  it  judges,  at  the 
'&metime,  there  muft  exift  an  exterior  objeft,  which 
iumiihed  this  idea^  Though  habit  makes  us  con- 
lidet  this  judgment  as  extremely  natural,  yet  we 
iiave  redbn  to  be  aftoniflied  at  it,  when  we  examine, 
more  attentively,  what  then  paffes  in  our  brain. 

An  example  will  place  this  in  a  clear  light.     I  fliall 
^iKl^pofe  you  looking  at  the  full  moon,  by  night ;  the 
wys  which  enter  into  your  eyes  -will,  at  once,  paint 
xm  the  retina,  an  image  fimilar  to  the  moon,  for  the 
minlite  particles  of  the  retina  are^,  by  the  rays,  put 
into  a  vibration  fimilar  to  that  which  agitates  thofe 
of  the  moon.     Now,  the  retina,  being  only  a  con- 
texture of  nerves,  extremely  fubtile,  you  eafily  com- 
prehend, that  thefe  nerves  muft  hence  undergo  a  cer- 
tain.  agitation,  which  will  be  tranfmitted  to  the  ori- 
gin of  the  nerves  in  the  brain.     There  will  be  ex- 
cited, therefore,  likewife,   in  that  portion  of  the 
brain,  a  certain  agitation,  which  is  the  real  objeft  that 
the  foul  contemplates,  and  from  which  it  derives  an 
artide  of  knowledge,  which  is  the  idea  of  the  moon. 
VoL*L  Bb  Confe- 
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Confequently,  the  idea  of  the  moon  is  nothing  elfe, 
but  the  contemplation  of  this  flight  agitation,  a£fe& 
ing  the  origin  of  the  nerves. 

The  aAivity  of  the  foul  is  fo  much  attached  to 
the  i^t  in  which  the  nerves  terminate,  that  it  ab£> 
lutely  knows  nothing  of  the  images  painted  on  the 
bottom  of  the  eye,  and  fiill  ids  of  the  moon,  wbdb 
rays  have  formed  thefe  images.  The  fbtil,  however, 
does  not  fatisfy  itfelf  with  the  mere  ^peciUatiaQ  of 
•the  agitation  in  the  brain,  which  fiipplies  it  iaune* 
diately  with  the  idea  of  the  moon,  it  fi^t^oins  to  diia, 
the  judgment,  that  there  really  exifis,  out  of  us,  am 
objed,  which  we  call  the  moon.  This  judgmest  is 
reduced  to  the  following  reafoning. 

There  has  taken  place  in  my  brain  a  certain  agita- 
tion, a  certain  imprei&on ;  I  do  not  abf<dutdy  know 
by  what  caufe  it  has  been  produced,  as  I  know  no- 
thing even  of  the  images,  which  are  the  immediate 
caufe  of  it  upon  the  retina ;  neverthdefe,  I  boldly 
pronounce,  that  there  is  a  body  out  of  me,  the  moon, 
which  fupplied  me  with  this  fenfation. 

What  a  confequence  ?  May  it  not  be  more  pro- 
.  bable,  that  this  agitation,  or  this  impreflion,  is  pro- 
duced, in  my  brain,  by  fome  internal  caufe,  fuch  as 
the  motion  of  the  blood,  or,  perhaps,  merely  by 
chance  ?  What  right  have  I,  then,  to  conclude,  that 
the  moon  aftually  exifts  ?  If  I  conclude  from  it,  that 
there  is,  at  the  bottom  of  my  eye,  a  certain  image, 
this  might  pafs ;  as,  in  fad,  this  image  is  the  imme- 
diate caufe  of  the  impreffion  made  on  my  brain ; 
.  though  it  was  fufficiently  bold  to  hazard  evai  this 

condufiom 


jEGOTiafS,  AND  MAtEHIALXaTS.  371 

eohdnfiojQ;  But  I  go  much  farther,  and,  becaufe 
there  is  a  certain  agitation  in  my  brain,  I  proceed  to 
conckide,  that  there  exifts,  out  of  my  body,  nay,  in 
the  heavens,  a  body  which  is  the  firft  caufe  of  fuch 
impreflion,  and  that  this  body  is  the  moon. 
"  In  fleep,  when  we  imagine  we  fee  the  moon,  the 
fovl  acquires  the  fame  idea :  and,  perhaps,  a  fimilai* 
iagitation  is  then  produced  in  the  brain,  as  the  foul 
imagines  that  it  then  really  fees  the  moon*  It  i^^ 
undbubtedly,  certain,  that,  in  tlus,  we  deceive  our- 
ielves :  but  what  afiurance  have  we,  that  our  judg« 
ment  is  better  founded  when  we  are  awake  ?  I^iilo- 
fophers  have  loft  their  way,  more  than  once,  in  en-* 
deavouring  to  folve  this  difliculty. 

What  I. have  juft  faid,  refpefting  the  moon,  takes 
place  with  regard  to  all  the  bodies  which  we  fee. 
The  confequence  is  not  apparent,  that  there  muft 
cxift  bodies  out  of  us,  becaufe  our  brain  undergoes 
certsun  agitations,  or  impre£Qons*  This  applies  even 
to  our  Own  limbs,  and  to  our  whole  body,  of  which 
we  know  nothing  but  by  means  of  the  fenfes,  and 
of  the  impreflions  which  they  make  in  the  brain  : 
if,  then,  thefq,  impreffions,  and  the  ideas  which  the 
foul  derives  from  them,  prove  nothing  as  to  the  ex- 
iftence  of  body,  that  of  our  own  body  becomes 
equally  doubtful. 

r 

You  will  not,  therefore,  be  furprized,  that  there 
fliould  be  philofophers,  who  have  openly  denied  the 
exiftence  of  bodies ;  and,  in  truth,  it  is  not  eafy  to 
refute  them.  T^ey  derive  a  very  ftrong  argument 
fi'om  dreams,  in  which  we  'imagine,  that  we  fee  fo 

B  b  a  many 
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many  bodies,  which  have  no  exifience.  It  is  tAd^ 
with  truth,  that  then  it  is  pure  illuiion ;  but  what 
aflurance  have  we,  that  we  are  not  under  the  power 
of  a  iimilar  illufion  when  awake  ?  According  to  theie 
philofophers,  it  is  not  an  illufion :  the  foul,  they  ad^! 
mit,  perceives  a  certain  impreflion,  an  idea,  but  they 
boldly  deny  it  to  be  a  confequence,  that  bodies  really 
exift,  which  correfpond  to  thofe  ideas.  Thefup- 
porters  of  this  fyftem  are  called  Ideali/is^  becaufe  they 
admit  the  ideas  only  of  material  things,  and  ahfi)^ 
lutely  deny  their  exiftenCe.  They  may,  likewiie,  be 
denominated  Spiritualijis^  as  they  maintain,  that  no 
beings  eidft,  except  fpirits. 

And  as  we  do  not  know  other  fpirits,  but  by 
means  of  the  fenfes,  or  of  ideas,  there  are  philofo- 
phers  who  go  fo  far  as  to  deny  the  exiftence  of  all 
fpirits,  their  own  foul  excepted,  of  the  exiftence  of 
which  every  one  is  completely  convinced.  Thefe  are 
called  Egotijisj  becaufe  they  pretend  that  nothing 
exifts  but  their  own  foul. 

To  them  are  oppofed  the  philofophers,  whom  we 
denominate  Materialijlsj  who  deny  the  exiftence  of 
fpirits,  and  maintain,  that  every  thing  which  exifts 
if  matter,  and  that  what  we  call  our  foul  is  only 
matter,  extremely  fubtile,  and  thereby  rendered  ca*. 
paMe  of  thought. 

'  JI4/A  Jamtary^  1 76 1 . 
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LETTER  XCVn. 

Refutation  of  the  Idealijls. 

1WISH  it  were  in  my  power  to  fiirnifh  you  with 
the  arms  neceffary  to  combat  the  Idealifts  and  the 
Egotifts,  by  demonftrating,  that  there  is  a  real  conf- 
nedion  between  our  fenfations  and  the  objeAs  them- 
fdves,  which  they  reprefent ;  but  the  more  I  think 
of  it,  the  more  I  feel  my  own  incapacity. 

It  would  be  ridiculous  to  think  of  engaging  with 
the  Egotifts :  for  a  man  who  ima^nes  he  alone  exifb, 
and  who  does  not  believe  in  my  cxiftence,  would  aft 
in  contradiftion  to  his  own  fyftem,  if  he  paid  any 
attention  to  my  reaibning,  which,  according  to  him, 
would  be  that  of  an  imaginary  being.  It  is,  like- 
wife,  a  hard  tafk  to  confute  the  Idealifts,  nay,  it  is 
impoffible  to  convince,  of  the  exiftence  of  bodies,  a 
man  obftinately  determined  to  deny  it.  Though  no 
fiich  philofophers  exifted,  it  would  be  highly  inte- 
refting  to  be  able  to  convince  ourfelves,  that  as  often 
as  our  foul  experiences  fenfations,  it  may  be  with 
certainty  concluded,  that  bodies  likewife  exift ;  and 
that,  when  my  foul  is  affefted  by  the  fenfation  of 
the  moon,  I  may  thence  boldly  infer  the  exiftence 
of  the  moon. 

But  the  union  which  the  Creator  has  eftabliihed 
between  the  foul  and  the  brain,  is  a  myftery  fo  uh- 
£ithomable,  that  all  our  knowledge  of  it  amounts 

B  b  3  onlv 
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only  to  this :  Certain  imprdlions  made  in  the  brain, 
where  the  feat  of  the  foul  is,  excite  in  it  certain  ideas, 
or  fenfations ;  but  the  bowj  of  this  influence,  is  abfo- 
lutely  unknown  to  us.  We  ought  to  fatisfy  our- 
fdves  with  knowing,  th^t  this  influence  fubfifls, 
which  experience  fufficiently  confirms ;  and  it  is  in 
vain  to  inveftigate  btnv  this  is  produced.  Now,  tlie 
£une  experience  which  proves  it,  infonns  us,  like- 
wife,  that  every  fen£ition  always  difpofes  the  foul  to 
Jxlieve  that  there  exifis,  out  of  it,  fome  objeA  which 
excited  fuch  ienfation }  and  that  fisqaiation  difcovers 
to  us  feveral  properties  of  the  objed. 

It  is,  then,  a  moft  undoubted  fad,  that  the  ibul 
always  concludes,  from  any  ienfation  whatever,  the 
cxiftence  of  a  real  obged,  out  of  us.  This  is  fb  na* 
tural  to  us,  from  our  earlieft  infancy,  and  fo  univerr 
ially  the  cafe  with  all  men,  and  even  with  animals, 
$hat  it  cannot,  with  any  propriety,  ^e  called  a  prgu- 
dice.  The  dpg  that  barks  when  he  fees  me,  is  cer* 
tainly  convinced  that  I  exifl ;  for  my  prefence  tn* 
fttes  in  him  the  idea  of  my  perfon.  The  dog,  then, 
is  not  an  ideaM.  Even  the  meaneft  infects  are  aft 
fiircd  that  bodies  exifl,  out  of  them,  and  they  could 
|Klt  have  this  convidion,  but  by  the  fenfations  ex* 
fiMri  in  their  £puls. 

I.lx4ieye,  therefore,  that  fenfations  include  much 

b^re  than  thofe  philofophers  are  difpofed  to  admit. 

rhcy  are  not  only  fimple  perceptions  of  certain  im* 
jpEc^ons  made  in.  the  brain  *,  they  fupply  the  foul 
|ieC  with  ideas  only,  but  they  cffefdyely  reprefcnt 

to 
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to  It  objeds  extemaHy  exifting,  though  we  cannot 
comprehend  how  this  is  done. 

in  hdiy  what  refemblance  can  there  be  betweea 
the  huninous  idea  of  the  moon^  and  the  flight  im-; 
preflion  which  it's  rays  may  produce  in  the  brain,  by 
means  of  nerves  ? 

The  idea,  even  in  as  far  as  the  foul  perceives  it, 
has  nothing  material ;  it  is  an  ad  of  the  foul,  which: 
bk  a  fpirit :  it  is  not  neceflary,  therefore,  to  lodk  for 
a  real  relation  between  the  imprdfions  of  the  brain^ 
and  the  ideas  of  the  ibul ;  it  is  enough  for  us  to 
know,  that  certain  imprcflions  made  in  the  brain, 
exdte  certain  ideas  in  the  foul,  and  that  thefe  ideas 
are  reprefentations  of  objeds  externally  exifting,  of 
whoiie  exiftence  they  give  us  the  afiurance. 

Thus,  when  my  brain  excites  in  my  foul  the  fen«» 
£uion  of  a  tree,  or  of  a  houfe,  I  pronounce,  without; 
hefitation,  that  a  tree,  or  a  houfe,  really  exifts,  out 
of  me,  of  which  I  know  the  place,  the  fize,  and 
other  properties.  Accordingly,  we  find  neither  man 
nor  beafl,  who  calls  this  truth  in  queition.  If  a 
down  ihould  take  it  into  his  head  to  conceive  fuch 
a  doubt ;  and  fhould  fay,  for  example,  he  does  not^ 
believe  that  his  bailiiS*  exifls,  though  he  Hands  in  his 
prefence,  he  would  be  taken,  for  a  madman,  and 
with  good  reafon ;  but  when  a  philofopher  advances 
fuch  fentiments,  he  expe&s  we  fhould  admire  his 
knowledge  and  £igacity,  which  infinitely  furpafs  the 
;^rehenfions  of  the  vulgar. 

Jt  appears  to  me,  accordingly,  abundantly  certainj^ 

:»  b  4  that 
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that  fuch  extravagant  fentiments  would  never*  have 
been  maintained,  but  from  pride,  and  an  afiedation 
of  fingularity :  and  you  will  readily  agree,  that  the 
common  people  have,  in  this  r^fped,  much  more 
good  fenfe  than  thofe  learned  gentlemen,  who  de^ 
rive  no  other  advantage  from  their  refearches,  but 
that  of  bewildering  themfelves  in  a  labyrinth  of  chi- 
meras, unintelligible  to  the  reft  of  mankind** 

Let  it  be  eftabliihed,  then,  as  a  certain  rule,  that 
every  fenfation  not  only  excites  in  the  foul  an  idea« 
but  Ihews  it,  if  I  may  fo  exprels  myfelf,  an  external 
objeft,  of  whofe  exiftence  it  gives  full  afiurance,  with- 
out praftifing  a  deception.  A  very  formidable  ob- 
jeftion,  however,  is  ftarted  againft  this,  ariling  from 
dreams,  and  the  reveries  of  lick  perfons,  in  which 
the  foul  experiences  a  great  variety  of  fenfations  of 
objects  which  no  where  exift.  The  only  refleftion 
I  fliall  fuggeft  on  this  fubjeck  is,  that  it  muft  be  very 
natural  for  us  to  judge  that  the  objefts,  the  fenfa- 
tions of  which  the  foul  experiences,  really  exift,  as 
we  judge  after  this  manner  even  in  fleep,  though 
then  we  deceive  ourfelves ;  but  it  does  not  thence 
follow,  that  we  likewife  deceive  ourfelves  when  we 
are  awake.     In  order  to  folve  this  objedion,  it  is 

*  Mr.  Eider  feems  here  to  be  confounding  two  different  quef- 
tions,  that  of  the  exillence  of  exterior  objefts,  and  that  of  a  kind 
of  real  refemblance  .between  thefe  objedts  and  the  idea  which  we 
have  ot  them.  Barclay  has,  however,  carefully  diftinguilbcd  them, 
and  has  clearly  pointed  out  the  difference.  All  we  can  at  prefcnt 
do,  is  to  refer  the  reader  to  the  article  Exifience,  in  the  Enct/clopedia^ 
fhe  only  work  in  which  thefe  queftions  have  been  treated  with  an 
cxad  analyfis. — F.  E, 

neceflary 
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neceflary  to  know  better  the  difference  oftliefiate 
of  the  man  who  is  afleep,  and  of  him  who  wakes ; 
wd  none,  perhaps,  know  this  leis  than  the  learned^ 
which  muft  furefy  be  a  matter  of  fbmc  ^rprize  to 
you. 

it'jtbyanuaryy  1761, 
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The  Faculty  of  Perceiving.    Reminifcence^  M^nwry^  and 
Attention.     Simple  and  compound  Ideas. 

YOU  are  by  this  time  fenfible,  that  objefts,  by 
acting  upon  our  fenfes,  excite  in  the  foul  lenfa^ 
tions,  from  which '  we  judge  that  they  really  exift, 
•  out  of  us.  Though  the  impreffions  which  occafion 
thefe  fenfations  are  made  in  the  brain,  they  prefent, 
then,  to  the  foul,  a  fpecies  of  image  j&milar  to  the 
objefl  which  the  foul  perceives,  and  which  is  called 
the  fenjible  idea^  becaufe  it  is  excited  by  the  fenfes* 
Thus,  on  feeing  a  dog,  the  foul  acquires  the  idea  of 
it,  and  it  is  by  means  of  the  fenfes  that  the  foul 
comes  to  the  knowledge  of  external  obje&s,  and  ao» 
quires  feniible  ideas  of  them,  which  are  the  founda# 
tjon  of  all  our  attainments  in  knowledge. 

This  faculty  of  the  foul,  by  which  it  acquires  the 

knowledge  of  external  things,  is  denominated  the 

faculty  of  perception^  and  depends,  no  doubt,  on  the 

wonderful  union  which  the  Creator  has  eilablifhed 

between  the  foul  and  the  brain.    Now,  the  foul  has 

fiiU 
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fkffl  another  &cuky,  that  of.  rccaHtog  ickas  akeadjr: 
oommunicated  by  the  fenfes;  and  this  &cukf  i»> 
pamcd  remimfcencij  or  imaginafioiu  Thus^  haivmg 
mce  feen  aa  e^)haiit^  you  wfll  be  able  to  reocdksft 
the  idea  of  that  animal,  though  it  is  no  longer  be^ 
ibre  you»  There  is,  however,  a  mighty  di&rence 
between  aftus^  and  recolleAed  ideas:  the  former 
inake  an  impreffion  much  itiore  lively  and  interefl> 
ing  than  the  latter,  but  the  faculty  of  recalling  ideas 
is  the  principal  fource  of  all  our  knowledge. 

Did  we  lofe  the  ideas  of  obje&s  as  foon  as  the^ 
ceafe  to  ad:  vpon  our  fenfes,  we  Ihould  never  be  abk 
to  make  any  refledion,  any  comparifon ;  and  our 
knowledge  would  be  entirdy  confined  to  the  things 
which  we  ihould  fed  at  the  moment^  aU  preceduig 
ideas  being  extinguifhed,  as  if  we  ha4  never  poS^Bis^ 
them* 

It  is,  therefore,  a  faculty  efiential  to  reaibnablQ 
beings,  and  with  which  animals  too  are  endowed,, 
that  of  being  able  to  recoiled  pail  ideas*.  You  know 
the  fiiculty  of  which  I  fpeak  is  m^ory.  It  by  na 
means  follows,  however,  that  we  have  it  always  ia 
our  power  to  recall  all  our  paft  ideas^  How  fre-s 
quently  do  we  exert  ourfdves  in  vain  to  recoiled^ 
certain  ideas  which  we  formerly  had?  Sometimeisk 
we  forget  them  entirely ;  but  for  the  moil  part  only 
partially. 

If  you  ihould  happen,  for  example,  to  forget  the 
demonftration  of  the  Pythagorean  theorem ;  with 
all  your  eflforts,  perhaps,  you  ihould  not  be  able  to 
recollect  it,  but  this  would  be  only  a  partial  forget-r 

fulnefs } 
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fulnds;  for  as  foon  as  I  had  again  drawn  the  figure^ 
and  put  you  into  the  tnuii  of  the  demonftration,  you 
will  prefently  recoUeft  it,  and  this  fecond  demonftra* 
tion  win  make  on  your  mind  quite  a  differex\;t  inv.. 
preffion  firom  the  firft.  We  fee,  then,  that  the  remi« 
nifcence  of  ideas  is  not  always  in  our  powef ,  tho^g^ 
they  may  not  be  whdiy  extingutihed i  and  a<ilight 
drcumftance  is  frequently  capable  of  reproducing 
them« 

We  muft,  therefore,  carefully  diftinguiih  betweeo 

icnfible  and  recolle&ed  ideas.    Senfible  ideas  are  re^ 

« 

prefented  to  us  by  the  fenfes ;  but  we  ourfelves  form 
recoUeded  ideas,  on  the  model  of  the  fenfible,  as  £Mr 
as  we  remember  them* 

The  dodrine-of  ideas  is  of  the  laft  importance  for 
the  purpofe  of  a  thorough  difquifition  of  the  real 
fources  of  human  knowledge.  And  firft,  ideas  are 
dJiftinguifhed  into  Jim^  and  ctmplesc.  A  fim^de  idea 
is  that  in  which  the  fou)  finds  nothing  to  diftinguiih^ 
and  remarks  no  parts  difierent  from  each  other^ 
Such  is,  for  example,  the  idea  of  a  findi,  or  of  a  ipot 
on  a  fubftance  of  one  colour ;  fuch  is,  likewife,  that 
of  a  ftar,  in  which  we  perceive  only  one  luminous 
point.'  A  complex  idea  is  a  reprefentation  in  which 
the  foul  is  able  to  diftinguiih  feveral  different  things. 
When,  for  inftance,  we  look  attentively  at  the  moon, 
we  difcover  feveral  dark  fpots,  furrounded  by  con* 
tours  more  luminous ;  we  remark,  alfo,  her  round 
figure,  when  fhe  is  full,  and  her  homed  figure,  when 
waxing  or  waning.    On  viewing  her  through  the 

telefcope. 
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fddGcope,  there  are  many  othet  |ianicuhrs  difl&i. 
^ifhable. 

How  many  different  things  do  we  not  perddhne  in 
beholding  a  noUe'  palace,  or  a  fine  gsurden  f  tVhen 
you  do  me  the  honour  to  read  this  letter,  you  mSjL 
in  it  the  diffecent  traits  of  the  diarafiora, 
you  can  with  e^  diilinguHh  from  esich  oth^. 

iis,  then,  is  a  complex  ldea^a$  it  containi  a  Tadety 
of  fimple  ideas*  Not  only  this  letter,  taken  in  whofa^ 
prefents  a  complex  idea,'ftom  it's  confuting  of  a  plu- 
Tality  of  words ;  but  olrery  word,  too,  is  a  cofBOj^A 
idea,  being  compofed  of  feveral  cbaraden).  nayy 
l^ery  charafter  is  one,  from  the  finguhrity  of  the 
form  which  diftinguifhes  it  -  from  others :  but  the 
dements  or  points  which  conititute  every  charader, 
may  be  coniidered  as  fimple  ideas,  in  as  much  as  yo« 
no  longer  perceive  in  them  any  diverfity.  A  greater 
degree  of  attention  will  likewife  difcover  fome  va- 
riety in  thefe  elements,  on  viewing  them  through  a 
microfcope. 

There  is  a  great  difference,  therefore^  even  in  the 
manner  of  contemplating  objefts.  When  we  obferve 
them  only  flightly  and  tranfiently,  we  perceive  very 
little  variety;  but,  to  an  attentive  confideration^ 
every  particular  detail  ftands  difclofed.  A  £ivage, 
on  throwing  his  eyes  over  this  letter,  will  take  it  for 
a  piece  of  paper  fcribbled  all  over,  and  will  diftinguifh 
only  the  black  from  the  white,  whereas  an  attentive 
reader  obferves  in  it  the  peculiar  form  of  every  cha- 
racter.    Here,  then,  we  have  a  new  facuky  of  the 

foul. 
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foidf  denominated  attention^  by  which  it  acquires  th^ 
fimjde  ideas  of  the  difFereht  things  that  nieet  in  one. 
0bjea* 

Attention  requires  addrefs,  the  refult  of  long  an4 
frequent  exercife,  to  render  it  capable  of  diftinguiih^ 
ing  the  different  parts  of  itii  objefti  A  clown  smd 
an  archited,  palling  by  a  palace,  will  both  receive, 
the  impreflion  of  the  rays  which  enter  into  their 
eyes ;  but  the  architeft  will  dijfcover  a  thoufand  mi-* 
Bute  particulars,  of  which  the  clown  has  no  percep-* 
tion.     Attention  alone  produces  this  difference* 

l\ft  January^  1761. 
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Divi/ton  of  Ideas  into  clear  and  obfcure^  di/iind  and  con*' 

fu/ed.     Of  Dijiradhn. 

TF  we  confider,  in  a  flight  manner  only,  a  reprefen- 
^  tation  made  to  us  by  the  fenfes,  the  idea  which 
we  acquire  from  it  is  very  imperfect,  and  we  fay  it 
is  ohfcure :  but  the  more  attention  that  we  employ 
to  diftinguifli  all  it's  parts,  the  mo^e  perfe6l  or  dijiin£l 
our  idea  will  become.  In  order  to  acquire  a  perfeft 
or*  diftinft  idea  of  an  object,  it  is  not  then  fufficient 
that  it  fliould  be  reprefented  in  the  brain,  by  impref- 
fions  made  upon  the  fenfes,  the  foul,  too,  muft  apply 
it's  attention,  which  is  properly  an  aft  of  the  foul, 
independent  upon  the  body. 
It  is  farther  n^ceffary  that  the  reprefentation  in, 

3  the 
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the  bnlfl  flioidd  be  wdl  expnSed^  and  cbhtiiriui  tlie 
difiewnt  {MTts  and  quaUda  which  chanflnise  the 
ckqeStk  Thb  takes  place  when  the<Ajed  b  preihitiBd 
to  Ae  fefaibi  in  a  fiiitahle  manner.  When,  for  cs> 
tta^le^  I  iee  ia  jdece  of  writing,  at  this  difiance  of  ten 
loet^  I  am  unabk  td  rdad  it,  let  me  einqplof  whateter 
dqpnee  of  attention  I  may  i  the  diftance  of  the  ieha» 
faAers  fN^evehts  theil^  being  aiteluatdf  eiqpitdSbd'OB 
die  bottrai  of  the  e]re>  and  caMiftquentlir  alio  in  thtt 
taraint  botJyftheiamewritingiaUroUi^ttoaprcqper' 
diftance,  lean  read  it,  becauie  then  all  the  diahitden 
are  diftindly  reprefehted  on  the  bottom  of  thtt  eye. 

You  know  that  we  employ  certain'  infitumenta  in 
order  to  procure  a  more  perfed:  teprefentation  in  the 
organs  of  ienfe$  fuch  as  microfeopcs  and  tdefcopes ) 
which  are  intended  as  fupplements  to  the  imperfect 
tion  of  vifi0n.  But,  in  employing  their  affiftances 
we  are  incapable  of  attaining  a  difiinift  idea,  without 
attention ;  otherwife  we  acquire  but  an  obfcure  idea^ 
nearly  fuch  as  we  fhould  have  had  by  taking  a  ^impft 
of  the  objeft  only* 

I  have  already  remarked^  that  feniatiDns  are  by  no 
means  indifferent  to  the  foul,  but  agreeaUe  or  4if^ 
agreeable  i  and  this  agreeablenefs,  or  it*s  oppofitei 
excites  our  attention,  unleis  the  foul  is  pre^xxiUpled 
by  feveral  other  fenfations  which  entirely  engiti&  it : 
this  laft  ftate  of  the  foul  is  termed  difiradion. 

Exercife,  likewife,  greatly  contributes  to  ftrength^a 
attention  :  and  there  cannot  be  a  mode  of  exerdfe 
more  fuitable  to  children  than  teaching  them  to 
*ead ;  for  they  are  thereby  laid  under  the  ncceflity 

of 
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of  £311^  their  attention  fiicceffively  on  cvcrjr  charac- 
ter, and  of  imprefnng  on  their  minds  a  dear  idea  of 
the  figure  of  eachl  It  is  eafy  to  fee  that  this  cxerdfe 
muSi  be  at  firft  extremely  painful ;  but  luch  a  habit 
ift  ^eedily  acqtured,  that  even  a  child,  after  a  little  ap* 
])iication,can  read  with  afioniihing  quickiieis.  In  read« 
isg  a  piece  of  writing,  we  midl  have  a  very  dHtind 
•idea  of  every  charad^r ;  thus  attention  is  fufceptibk 
'of  a  very  high  degree  of  perfeftion  from  exetcife.   - 

With  what  amaKtng  rapidity  will  a  proficient  id 
mx£c  execute  the  moil  difficult  piece,  thou^  he 
iiever  £cw  it  before.  It  is  certain  that  his  attention 
wsaA  have  run  over  all  the  notes,  one  after  another^ 
9fnd  that  he  remarked  the  fignification  of  eadi.  Flis 
attention,  however,*  is  not  confined  only  to  thefe 
iiotes  i  it  prefides,  likewife,  over  the  motion  of  the 
£ngers,  not  one  of  which  moves  but  by  an  ex^e& 
Older  of  the  ibul ;  he  rem^ks,  likewife,  at  the  fame 
^ime,  how  the  other  performers  execute  their  parts. 
It  is,  upon  the  whde,  altogether  furprifing  to  what 
a  height  the  addrefs  of  the  human  mind  may  be  car^ 
ried  by  application  and  exercife.  Shew  the  fame 
|)tece  of  mufic  to  a  beginner ;  how  much  time  does 
it  require  to  imprefs  on  his  mind  the  fignification  of 
«rery  note,  and  to  give  him  a  complete  idea  of  it  i 
while  the  mafter  acquires  it  by  almcrfl  a  fingle  glance. 

This  ability  extends  equally  to  all  other  kinds  of* 

-obje£b,  in  which  one  man  may  infinitdy^  furpais 

pother.     There  are  pcrfons  who,  with  one  glance 

'fixed  on  a  perfon  pafling  before  them,  acquire  a  dif* 

tinft  idea,  not  only  of  all  the  features  of  the  face, 

'  but 
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but  the  particulars  of  his  whole  drefs;  down  to 
minuteft  trifles,  while  others  are  incapable  of  re^ 
marking  the  mbft  ftriking  circumfiances. 

We  obfei^re,  in  this  rei^ft,  an  infinite  diflferencc 
among  inen;  Some  promptly  catch  all  the  diflerent 
marks  of  an  objed^  and  form  to  themfelves  a  diftind 
idea  5f  it^  while  that  formed  by  others  is  extremely 
obfcure;  This  di£ference  depends,  not  only  on  men!- 
tal  penetration,  but  likewife  on  the  nature  of  the  db- 
jeds.  A  mufidan  catthes  at  Once  the  Whole  piece 
of  muficj  and  acquires  a  diftind  idea  of  it :  but  pre^ 
ient  him  with  a  piete  of  writing  in  Chiiiefe  charaoi- 
terSj  and  he  wiB  have  only  Very  obfcure  ideas  indeed 
of  fuch  writing :  the  Chinefe,  on  the  contrary^  wiB. 
know,  at  firft  fight,  the  real  import  of  dach  tharac^ 
ter,  but  will,  in  his  turn,  underftand  nothing  of  mu^ 
fical  notes.  The  botanift  Obferves  in  a  plant  which 
he  never  faw  before^  a  thoufand  particulars  which 
efcape  the  attention  of  another ;  and  the  aTchiteft 
difcerns,  by  a  fingle  glance,  in  a  building,  many 
things  which  another,  with  a  much  greater  degree 
of  attention,  could  not  have  difcovered; 

It  is  always  ufeful  to  form  diftinft  ideas  of  the  ob^ 
jefts  prefented  to  our  fenfes  ;  in  other  words  to  re- 
mark all  the  parts  of  which  they  are  compofed,  and 
the  marks  which  diftinguifli  and  charafterize  them. 
From  thefe  obfervations  you  will  eafily  comprehend 
the  divifion  of  ideas  into  obfcure  and  clear,  into  con^ 
fufed  and  diftinft.  The  more  diftina  they  are,  the 
more  they  contribute  to  the  advancement  of  knoW^- 
ledge. 
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Of  the  AbJiraElion  of  Notions.     Notions  general  and  in* 
dividual.     Of  Genus  and  Species. 

THE  fenfes  reprefent  objefts  only  which  exift  ex- 
ternally ;  and  fenfible  ideas  all  refer  to  them  j 
but  of  thefe  fenfible  ideas  the  fonl  forms  to  itfelf  a 
variety  of  other  ideas,  which  are  iAdeed  derived  from 
thefe,  but  which  no  longer  reprefent  objeds  really 
exifting. 

When,  for  example,  I  look  at  the  full  moon,  ..,.  -id 
fix  my  attention  only  on  it*s  contour,  I  form  the 
idea  of  roundnefs ;  but  I  cannot  affirm,  that  round- 
nefs  exifts  of  itfelf.  The  moon  is  round,  but  the 
round  figure  does  not  exift  feparately  out  of  the 
mQon.  -  It  is  the  fame  with  refpefl:  to  all  other 
figures }  and  when  I  fee  a  triangular,  or  fquare  table, 
I  may  have  the  idea  of  a  triangle,  or  of  a  fquare, 
though  fuch  a  figure  exifts  no  where  of  itfelf,  or  fe- 
parately from  an  object  poffeffing  that  figure. 

The  ideas  of  numbers  have  the  fame  origin.  Hav- 
ing feen  two  or  three  perfons,  the  foul  forms  the  idea 
of  two  or  three,  w^out  attaching  it  any  longer  to 
tjfie  perfons.  Having  already  acquired  the  idea  of 
three^  the  foul  is  able  to  proceed,  and  to  form  the 
ideas  of  greater  numbers,  of  four,  five,  ten,  a  hun- 
dred, a  thoufand,  and  fo  on,  without  ever  having 
precifely  feen  fo  many  things  together.  A  fingle  in- 
ftance,  therefore,  in  which  we  have  feen  two  or  three 

Vol.  I.  C  c  objects, 
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objefts,  may  carry  the  foul  forward  to  the  formation 
of  the  ideas  of  other  numbers,  be  they  ever  fo  great. 

ITie  fame  thing  holds  as  to  figures ;  and  yot  have 
the  power  of  forming  to  yourfelf  the  idea  of  a  poly- 
gon, with  1761  (ides,  for  example,  though  you  never 
have  feen  an  object  of  that  form,  and  though  no  one 
fuch,  perhaps,  ever  exifted. 

'  Here  the  foul  exerts  a  new  faculty,  which  is  called 
the  power  of  abjirailion  ;  this  takes  place  when  the 
foul  fixes  it's  attention  on  only  one  quantity  or  qua^ 
lity  of  the  obje^El,  and  confiders  it  feparately,  as  if  it 
were  no  longer  attached  to  the  objeft.  When,  for 
inftance,  I  put  my  hand  on  a  heated  fione,  and  con- 
fine my  attention  to  the  heat  only,  I  form  from  it 
the  idea  of  heat,'wluch  is  no  longer  attached  to  the 
ftone.  This  idea  of  heat  is  formed  by  abftraction,  as 
it  is  fcparated  from  the  ftone,  and  the  foul  might 
have  derived  the  fame  idea  from  touching  a  piece  of 
wood  heated,  or  by  plunging  the  hand  into  hot 
water. 

Thus,  by  means  of  abftraclion,  the  foul  forms  a 
thoufaiid  otlier  ideas  of  the  quantities  and  properties 
of  objcds,  by  ibparating  them  afterwarda  from  the 
objects  theiTifclves :  as,  when  I  fee  a  red  coat,  and  fix 
my  attention  only  on  the  coIoujl  I  form  the  idea  of 
red,  fcparatc  from  the  caat,  and  it  is  obvious  that  a 
red  flower,  or  any  other  fubftance  of  that  colour, 
would  have  enabled  me  to  form  the  fame  idea. 

Thefe  ide.is,  acquired  by  abftraclion,  are  dcnomi- 
liated  notions^  to  diltinguifli  them  from  fenfible  ideas, 
^vhich  rcpreleiit  to  us  objects  really  exifting. 

It 
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It  is  alleged  that  the  power  of  abftr action  is  a  pre* 
rogative  of  men,  and  of  other  rational  .beings,  and 
that  the  beafb  are  entirely  deftitute  of  it,  A  bcaft 
may  experience  the  lame  fenfation  of  hot  water  that 
we  do,  but  is  unable  to  feparate  the  idea  of  heat  and 
that  of  the  water  itfelf ;  it  knows  heat  only  in  fo  far 
as  it  is  conne&ed  with  the  water,  but  has  not  the  ab- 
UnA  idea  of  heat  which  we  have.  It  is  faid,  that 
theie  notions  arc  general  ideas,  which  extend  to  fe- 
veral  things  at  once,  as  we  may  find  heat  in  ftone, 
wood,  water,  or  any  other  body ;  but  our  idea  of 
heat  is  not  attached  to  any  one  body ;  for  if  my  idea 
of  heat  were  attached  to  a  certain  ftone,  which  firft 
fiipplied  me  with  that  idea,  I  could  not  affirm  that 
wood  or  other  bodies  were  hot.  Hence  it  is  evident, 
that  thefe  notions,  or  general,  ideas,  are  not  attached 
to  certain  objedls,  as  fenfible  ideas  are ;  and  as  they 
diftinguiih  man  from  the  brute  creation,  they  pro- 
perly exalt  him  to  a  degree  of  rationality  wholly  un- 
attainable 'by  the  beafts. 

There  is  ftill  farther  a  fpedes  of  notions,  likewife, 
£3rmed  by  abfhradion,  which  fupply  the  foul  with 
the  moft  important  fubjefts  on  which  to  employ  it's 
powers :  thefe  are  the  ideas  of  genus  and  /pedes. 
When  I  fee  a  pear-tree,  a  cherry-tree,  an  apple-tree, 
an  oak,  a  fir,  &c.  all  thefe  ideas  are  different ;  I,  ne- 
vertheleis,  remark  in  them  feveral  things  which  they 
have  in  common ;  as  the  trunk,  the  branches,  and 
the  roots  j  I  ftop  £hort  only  at  thofe  things  which 
the  different  ideas  have  in  common,  and  the  object, 
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in  which  all  fuch  qualities  meet,  I  call  ^  tree.  Thus 
the  idea  of  tree,  which  I  have  formed  in  this  man- 
ner, is  a  general  notion^  and  comprehends  the  feniible 
ideas  of  the  pear-tree,  the  apple-tree,  and,  in  general, 
of  every  tree  that  exifts. 

Now,  the  tree  which  correfponds  to  my  idea  of 
tree,  no  where  exifts ;  it  is  not  the  pear-tree,  for 
then  the  apple  would  not  be  comprehended  under 
it ;  for  the  fame  reafon,  it  is  not  the  cherry-tree,  nor 
the  plumb,  nor  the  oak,  &c. ;  in  a  word,  it  exifts 
only  in  my  foul ;  it  is  only  an  idea,  but  which  is  re- 
alized in  an  infinite  number  of  obje^.  In  like  man- 
ner, when  I  fpeak  of  a  cherrj-tree^  it  too  is  a  general 
notion,  which  comprehends  all  the  cherry-trees  that 
exift :  this  notion  is  not  reftrifted  to  a  particular 
cherrj^-tree  in  my  garden :  for  then  every  other 
cherry-tree  would  be  excluded. 

With  refpcft  to  general  notions,  every  exifting 
objeft,  comprehended  under  one,  is  denominated 
an  individual^  and  the  general  idea,  fcy  that  of  the 
cherry-tree,  is  denominated  /pedes  or  genus.  Thefe 
two  words  fignify  nearly  the  fame  thing,  but  genus 
is  the  more  coniprehenfive,  including  in  it  a  vsu'iety 
of  I'pccics.  Thus  the  notion  of  a  tree  may  be  confi- 
dered  as  a  genus,  as  it  includes  the  notions  of  pear- 
trees,  apple-trees,  oaks,  firs,  and  fp  on,  which  are 
fpecics  ;  and  of  fo  many  others,  each  of  which  con- 
tains a  great  number  of  exifting  individuals. 

This  manner  of  forming  general  ideas  is,  therefore, 
likewife,  performed  by  abftraction,  and  it  is  here, 

chiefly, 


OF  LANGUAGE.  389 

chiefly,  that  the  foul  exerts  the  activity  and  performs 
the  operations  from  which  all  our  knowledge  is  de- 
rived. Witliout  thele  general  notions,  we  fhould 
differ  nothing  from  the  brutes. 

Jth  February^  1 761. 
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Of  Language ;  ifs  Nature^  Advantages^  and  Necejfitff 
in  order  to  the  Communicatiot^  of  Thought ^  and  the 
Cultivation  of  Knowledge. 

TTTHATEVER  aptitude  a  man  may  have  to  ex-- 
^  ^  ercife  the  power  of  abftradion,  and  to  fur* 
niih  himfelf  with  general  ideas,  he  can  make  no  con- 
liderable  progrdfe  without  the  aid  of  language,  fpoken 
or  written.  Both  the  one  and  the  other  contains  a 
variety  of  words,  which  are  only  certain  figns,  cor- 
refponding  to  our  ideas,  and  whofe  fignification  is 
iettled  by  cuftom,  or  the  tacit  confent  of  feveral  men 
who  live  together. 

It  would  appear,  from  this,  that  the  only  purpofe 
of  language  to  mankind  is  mutually  to  communicate 
their  fentiments,  and  that  a  folitary  man  might  do 
very  well  without  it ;  but^  a  little  reflection  only  is 
neceffary  to  be  convinced,  that  n\en  ftand  in  need  of 
language,  as  much  to  purfiie  and  cultivate  their  own 
thoughts,  as  to  keep  up  a  communication  with  others. 

To  prove  this,  I  remark,  firft,  that  we  have  fcarcely 

C  c  3  a  word 
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a  word  in  iny  language  whofe  fignification  is  attach- 
ed  to  one  individual  objedt    If  each  cherry-tree  in 
a  whok  country  had  it's  proper  naxne^  as  widl  as 
every  pear-tree,  and,  in  general,  every  individual 
tree ;  what  an  enormous  complication,  in  language, 
would  refult  from  it  ?  Were  I  under  the  neceffity  of 
employing  a  particular  term  to  denote  every  flieet 
of  paper  in  my  bureau,  or  if  I  (hould,  from  caprice, 
think  fit  to  give  each  a  particular  name,  this  would 
be  as  ufdefs  to  myfelf  as  to*  others. 
« It  is,  then,  a  very  imperfed  de(cription  of  lang^ge 
to  fay,  that  men  have,  from  the  firft;  impofed  on  all 
individual  objeds,  certain  names  to  ferve  them  for 
figns.    The  words  of  a  language  exprefs  general  no- 
tions, and  you  will  rarely  find  one  which  marks  only 
a  fingle  individual.     The  name,  Alexander  the  Greats 
is  applicable  to  one  particular  perfon ;  but  then  it  is  a 
compound  name.    There  may  have  been  many  thoQ- 
£inds  of  Alexanders,  and  the  epithet  greatj  extends 
to  an  infinite  number  of  things.     It  is  thus,  that  all 
men  bear  names,  to  diftinguifh  them  from  others, 
though  thefe  names  may  be  frequently  common  to 
many. 

The  effence  of  a  language  confifis,  rather,  in  it's 
containing  words  to  denote  general  notions;  as  that 
of  tree  corre^nds  to  a  prodigious  number  of  indi- 
vidual bangs.  Thefe  words  ierve  not  only  to  con* 
vey  to  others,  who  underftand  the  fame  language, 
the  fame  idea  which  I  a£x  to  the  words ;  but  they 
are,  likewife,  a  great  alfifiance  to  me,  in  reprefcnting 
this  idea  to  myfelfi    Without  the  word  tree,  wUch 

rqirefiats 
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Tcprefents  to  me  the  general  notion  of  a  tree,  I  muft 
imagine  to  myfelf  at  once  a  cherry-tree,  a  pear-tree, 
an  apple-tree,  a  fir,  &c.  and  thence  extract  what  they 
have  in  common.  ITiis  would  necefl'arily  opprefs 
the  mind,  and  fpeedily  involve  it  in  the  greateft  per- 
plexity. But  having,  once  for  all,  determined  to 
expreis,  by  the  term  tree,  the  genei*al  notion  formed 
by  abftraftion,  this  term  always  excites  in  my  foul 
the  {ame  notion,  without  my  having  occalion  to  re- 
collet):  it's  origin ;  and,  accordingly,  the  word  tree 
alone,  for  the  moft  part,  conftitutes  the  objeft  of  the 
foul,  without  the  reprefentation  of  any  real  tree. 

The  word  7nan  is,  in  like  manner,  a  (ign  to  denote 
the  general  notion  of  what  all  men  have  in  com- 
mon, and  it  would  be  very  difficult  to  tell  or  to 
make  the  enumeration  of  all  that  this  notion  con- 
tains.  Would  you  fay  that  he  is  a  living  two-legged 
being  ?  A  cock  would  likewife  be  included  in  this 
defcription.  Would  you  fay,  in  the  words  of  Plato's 
definition,  that  he  is  a  two-legged  animal  without 
feathers?  You  have  only  to  ftrip  the  cock  of  his  fea- 
thers, in  order  to  obtain  the  Platonic  man. 

I  do  not  know  whether  thofe  who  fay  that  man  \i 
an  animal  endowed  with  reafon,  exprefs  themfelves 
more  accurately :  for  how  often  do  we  take  for  men 
certain  beings  of  whofe  ratibnality  we  have  no  aflur- 
ance.  On  viewing  an  army,  I  have  not  the  leafi 
doubt  that  every  foldier  is  a  man,  though  I  have  not 
the  finalleft  proof  that  they  are  all  endowed  with 
teafon.  If  I  were  to  make  an  enumeration  of  all  the 
members  jiecdiary  to  conftitute  a  man,  fome  men 

C  c  4  would 
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would  always  be  found  defective  in  one,  perhaps  in 
feveral  of  thefe,  or  we  might  find  fome  beaft  who 
had  them  alL  On  inveftigating,  therefore,  the  origin 
of  the  general  notion  of  man,  it  is  almoft  impoflible 
to  lay  wherein  it  confifts. 

No  one,  however,  has  any  doubt  refpefting  the 
figniiication  of  the  word ;  becaufe  every  one,  wilh- 
ing  to  excite  this-  notion  in  his  foul,  has  only  to 
think  on  the  word  man,  as  if  he  faw  it  written  on 
paper,  or  iJeard  it  pronounced,  according  as  the  re- 
fpeclive  language  of  any  one  may  be. 

Hence  we  fee  that,  for  the  moft  part,  the  objects 
of  our  thoughts  are  not  lo  much  the  things  them- 
fclves,  as  the  words  by  which  thefe  things  are  de- 
noted in  language ;  which  greatly  facilitates  the  ex- 
crcife  of  thought.  What  idea,  in  faft,  do  we  affo- 
ciate  with  the  terms  'viriue,  liberty,  goodncfs,  &:c.?  Not 
furely  a  fenfible  image ;  but  the  foul  having  once 
formed  the  abftraft  notions  which  corre^ond  to 
thefe  terins,  afterwards  fubftitutes  them,  in  it's 
thoughts,  in  place  of  the  things  which  they  denote. 

You  may  eafily  conceive  how  many  abftradions  it 
was  necefTary  to  make,  in  order  to  arrive  at  the  no- 
tion of  virtue*  The  aclions  of  men  were  firft  to  be 
fX)niidered ;  they  were,  then,  to  be  compared  with 
t]ie  dirties  impofed  on  tlicm ;  in  confequence  of  this, 
jirc  give  the  name  of  virtue  to  the  difpofition  which 
^  man  has  to  regulate  his  actions  conformably  to  his 
itttties.  .But,  on  hearing  the  vfordi- virtue  rapidly 
pronounced  in  converiation,  do  we  always  connect 
yith  it  this  complex  notion  I  And  what  idea  is  ex- 

cited 
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cited  in  the  mind,  on  hearing  the  particle  and  or  alfo 
pronounced  ?  It  is  readily  feen,  that  thefe  words  im- 
port a  fpecies  of  conne6Hon,  but  take  what  pains  you 
pleafe  to  defcribe  this  connexion,  you  wiB  find  your- 
felf  under  the  neceffity  of  employing  other  words, 
whofe  fignification  it  would  be  equally  difficult  to 
explain ;  and  if  I  were  to  attempt  an  explanation  of 
the  import  of  the  particle  and^  I  muft  make  frequent 
ufe  of  that  very  particle. 

You  are  now  enabled  to  judge  of  what  advantage 
language  is  to  direft  our  thoughts ;  and  that,  with- 
out language,  we  fhould  hardly  be  in  a  condition  to 
think  at  all. 

\Otb  February^  1760. 
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LETTER  Cn. 

Of  the  Perfedions  of  a  Language,  judgments  and  Na- 
ture of  Propojitions^  affirmative  and  negative ;  uni- 
verfaly  or  particular. 

I  HAVE  been  endeavouring  to  fhe^  you,  how  nc- 
ceflary  language  is  to  man,  not  only  for  the  mu- 
tual communication  of  fentiment  and  thought,  but^ 
likewife,  for  the  improvement  of  the  mind,  and  the 
extenfion  of  knowledge. 

Thefe  figns,  or  words,  reprefent,  then,  general  no- 
tions, each  of  which  is  applicable  to  an  infinite  num- 
ber of  objefts :  as,  for  inftance,  the  idea  of  hot,  and 
of  heat,  to  every  individual  objed  which  is  hot ;  and 

the 
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the  idea,  or  general  notion  of  tree^  is  a[^licable  to 
every  individual  tree  in  a  garden,  or  a  ioreft,  whe- 
ther cherries,  pears,  oaks,  or  firs,  &c. 

Hence  yeu  muft.  be  fenfible  how  one  language  may 
be  more  perfect  than  another.  A  language  always 
is  fo,  in  proportion  as  it  is  in  a  condition  to  expreis 
a  greater  number  of  general  notions,  formed  by  ab- 
(tra^Hon.  It  is  with  refpeft  to  thefe  notions  that  we 
muft  eftimate  the  perfection  of  a  language. 

Formerly  there  was  no  word  in  the  Ruffian  lan- 
guage to  exprcfs  what  we  c^XLjuJiice.  This  was  cer- 
tainly a  very  great  defect ;  as  the  idea  of  jufticc  is  of 
very  great  importance  in  a  great  number  of  our 
judgments  and  reafonings,  .and  as  it  is  fcarcdy  pof- 
fible  to  think  of  the  thing  itfelf  without  a  term  ex- 
prefiive  of  it.  They  have,  accordingly,  fupplied  this 
defect,  by  introducing  into  that  language  a  word 
•  which  conveys  the  notion  of  juftice, 

Tliefc  general  notions,  formed  by  abftracKon,  arc 
the  fource  of  all  our  judgments  and  of  all  our  rea- 
fonings.    K  judgment  is  nothing  elfe  but  the  affirma- 
tion, or  negation,  that  a  notion  is  applicable,  or  in- 
applicable ;  and  w^hen  fuch  judgment  is  expreffe4  in 
-words,  we  call  it  a  fropofition.    To  give  an  example : 
xAU  men  are  mortal^  is  a  propofition  which  contains 
Kwo  notions ;  the  firft,  that  of  men  in  general ;  and 
ithe  fecond,  that  of  mortality,  which  .comprehends 
•whatever  is  mortaL    The  judgment  confifts  in  pro- 
*«u>uncing  and  affirming,  ibat  the  notion  of  mortality  is 
'^fipplkcable  to  all  mm.    This  is  a  judgment,  and,  being 
^isxpisefied  ib  words,  it  is  a  propofition ;  and,  becaufe 
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it  affirms,  we  call  it  an  an  affirmative  propofition.  M 
it  denied,  we  would  call  it  negative^  fuch  as  this,  na 
man  is  righteous.  Thefe  two  propojitionsy  which  I  have 
introduced  as  examples,  are  univerfal,  becaufe  the 
one  affirms  of  all  men,  that  they  are  mortal,  and  the 
other  denies  that  they  are  righteous. 

There  are  likewife  particular  proportions ^  both  nega«- 
tive  and  affirmative ;  ^^^fome  men  are  learned^  ^ndfonie 
men  are  not  wife.  What  is  here  affirmed,  and  denied, 
is  not  applicable  to  all  men,  but  to  fome  of  them. 

Hence  we  derive  four  fpecies  of  propofitions.  The 
firft  is  that  of  affirmative  and  univerfal  propofitions ^  the 
form  of  which  in  general  is : 

Every  A  is  B. 
The  fecond  fpecies  contains  negative  and  univerfal 
propofitions y  the  form  of  which  in  general  is : 

No  A  is  B. 
The  third  is,  that  of  affirmative  propofitions^  but 
particular^  contained  in  this  form : 

Some  A  is  B.     - 
And,  finally,  the  fourth  is  that  of  negative  and  par^^ 
ticular  propofitions ^  of  which  the  form  is : 

Some  A  is  not  B. 
AH  thefe  propofitions  contain,  eflentially,  two  n(K 
tions,  A  and  B,  which  are  called  the  terms  of  the  pro^ 
pofition :  the  firfi:  of  which  affinns  or  denies  ibmo 
thing;  and  this  we  call  the  fubjeS ;  and  the  fecond,, 
which  we  fay  is  applicable,  or  inapplicable,  to  the 
firfi:,  is  the  attribute.  Thus,  in  the  propofition,  AH 
men  are  mortal^  the  word  man^  or  men^  is  the  fubjed» 
and  the  word  mon<d  the  attribute ;  theie  wqrds  are 

much 
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much  iifed  in  logic,  which  teaches  the  rules  of  juft 
reafoning* 

Thefe  four  fpedes  of  propofitions  may  likewife  be 
repre&nted  by  figures,  £6  as  to  exhibit  their  nature 
to  the  eye.  This  muft  be  a  great  aflifiance  toward 
comprehending  nntore  diftinftly  wherdn  the  accuracy 
of  a  chain  of  reafoning  confifis. 

As  a  general  notion  contains  an  infinite  number 
of.  individual  objefts,  we  may  confider  it  as  a  fpace 
in  which  they  are  all  contained.  Thus  for  the  no- 
tion oi,man  we  form  a  fpace  (plate  I*  fig*  i.)  in  which 
we  conceive  all  men  to  be  comprehended.  For  the 
notion  of  mortal,  we  form  another,  CJig.  2.)  in  whicli 
we  conceive  every  thing  mortal  to  be  comprehended. 
And  when  I  aflirm,  all  men  ^re  mortal,  it  is  the  fame 
thing  with  affirming,  that  the  firft  figure  is  contain- 
ed in  the  fecond. 

I.  Hence  it  follows,  that  the  reprefentation  of  an 
affirmative  univerlal  propofition  is  that  in  which  the 
fpace  A,  (Jig.  3.)  which  reprefents  thtfubjed  of  the 
propofition,  is  wholly  contained  in  the  fpace  B,  which 
is  the  attribute* 

II.  As  to  negative  univerfal  propofitions,  the  two 
fpaces  A  and  B,  of  which  A  always  denotes  theyj^^- 
jeiiy  and  B  the  attribute,  will  be  reprefented  thus, 
(Jig.  4.)  the  one  feparated  from  the  other ;  becaufe 
we  fay,  no  A  is  B,  or  that  nothing  comprehended  in 
the  notion  A,  is  in  the  notion  B. 

III.  In  affirmative  particular  propofitions,  as,  fome 
A  is  By  a  part  of  the  fpace  A  will  be  comprehended 
in  the  fpace  B :  (Jig.  5.)  as  we  fee  here,  that  fome- 
j       *  thing 
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thing  comprehended  in  the  jiotipn  A,  is  likewife 
inB. 

IV.  For  negative  particular  propofitions,  as,  fome 
A  is  not  B ;  a  part  of  the  fpace  A  muft  be  out  of  the 
fpace  B,  (fg.  6.)  This  figure  refembles  the  preced- 
ing ;  but  we  here  remark,  principally,  that  there  is 
fomething  in  the  notion  A,  which  is  not  compre- 
hended in  the  notion  B,  or  which  is  out  of  it. 

l\:h  Ftbruary^  176 1. 
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Of  Syllogifms^  and  their  different  Forms ^  when  the  Jirji 

Propojition  is  univerfaL 


%  * 


'TpHESE  circles,  or  rather  thefe  fpaces,  for  it  is  of 
-*■'  ..no  importance  of  what  figure  they  are  of,  arc 
extremely  commodious  for  facilitating  our  refleftions 
on  this  fubjeft,  and  for  unfolding  all  the  boafted 
myfteries  of  logic,  which  that  art  finds  it  fo  difficult 
to  explain ;  whereas,  by  means  of  thefe  figns,  the 
whole  is  rendered  fenfibl^  to  the  eye.  We  may  em- 
ploy, then,  fpaces  formed  at  pleafure  to  reprefent 
^cvery  general  notion,  and  mark  the  fubje<Sb  of  a  pro- 
pofition,  by  a  fpace  containing  A,  and  the  attribute, 
by  another  which  contains  B.  The  nature  of  the 
■prapofition  itfclf  always  imports  either  that  the  fpace 
of  A  is  wholly  contained  in  the  fpace  B,  or  that  it  is 
.partly  contained  in  that  fpace ;  or  that  a  part,  at 
.\i  leaft. 
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leafi,  is  out  of  the  fpace  B ;  or,  finally,  that  the  fpace 
A  is  wholly  out  of  B-* 

The  two  laft  cafes,  which  reprefent  particular  pro- 
pofitions,  feem  to  contain  a  doubt,  as  it  is  not  de« 
oded,  whether  it  be  a  great  part  of  A  which  is  con- 
tained, or  not  contained,  in  B.    It  is  even  poffiUe, 


•  Mr*  Euler,  who  is  ever  minutely  exa^  in  all  hJA  details,  fub- 
joins  here  the  following  diagram,  with  thift  ihort  introdu^on : 
*'  I  ihall  once  more  give  you  a  viiible  reprefentation  of  thefe  figures 
*'  or  emblems  of  the  four  fpecies  of  proportions.*' 

Emblems  cfthefo^  Species  of  Propofitions, 


Affirmative  univerial* 
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Ev^ry  A  is  B. 


Negative  univerfal. 
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No  A  is  B. 


Affirmative  particular. 


Negative  particular* 


Some  A  is  not  B. 


The  omiffion  of  this  fcheme,  in  the  Paris  edition,  is  the  more  un- 
jM:countable,  that  the  very  next  paragraph  immediately  refers  to  it, 
aiid  is  lame  and  inconclufive  without  it. — E*  £• 

in 
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in  the  cafe  of  a  particular  propofition,  that  the  no- 
tion A  may  contain  the  notion  B  entirely,  as  in  plate 
Lyff,  7 ;  and  that,  at  the  fame  time,  as  is  dear  from 
the  figure,  a  part  of  the  fpace  A  may  be  in  the  fpace 
B,  and  that  a  part  of  A  may  no  the  in  B,  Now,  if  A 
were,  for  example,  the  idea  of  tree  in  general,  and  B 
that  of  oaky  which  is  contained  wholly  in  the  firft, 
the  following  propofitions  might  be  formed : 

L  All  oaks  are  trees. 
IT.  Some  trees  are  oaks, 
ni.  Some  trees  are  not  oaks. 
In  like  manner,  if  of  two  fpaces  one  is  entirdy  out 
of  the  other,  as  in  plate  L  Jig.  4. 1  can  as  well  fay,  no 
A  is  Bj  as  no  B  is  A  ;  as  if  I  were  to  fay:  no  man  is 
a  tree,  and  no  tree  is  a  man. 

In  the  third  cafe,  where  the  two  notions  have  a 
part  in  commcm,  as  in  plate  I.^g*  5.  it  may  be /aid : 

L  Some  A  is  B. 

II.  Some. Bis  A. 

III.  Some  A  is  not  B. 
rV.  Some  B  is  not  A. 

This  may  fuffice  to  fliew  you  how  all  propofitions 
may  be  reprefented  by  figures:  but  their  greateft 
utility  is  manifeft  in  reafonings  which,  when  ex- 
preffed  in  words,  are  called  fyllogifms^  and  of  which 
the  objed  is  to  draw  a  juft  condufion  from  certain 
given  propofitions.  This  method  will  difcover  to 
us  the  true  forms  of  all  fyUogifms. 

Let  us  begin  by  an  affirmative  univerfal  prppofi- 
•tion :  Every  A  is  B,^  ('j>late  l-^g*  3.)  where  the  fpace 
A  is  wholly  in  the  fpace  B,  and  let  us  fee  how  athir4 
^,  EOtion 
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notion  C,  muft  be  referred  to  each  of  the  other  two 
notions  A  and  B,  in  order  to  draw  a  fair  concluiion. 
It  is  evident  in  the  following  cafes. 

L  If  the  notion  C  is  entirely  contained  in  the 
notion  A,  it  will  be  fo,  likewife,  in  the  notion  B : 
{plate  L^g.  8.)  hence  refults  this  form  of  fyllogifin : 

Every  A  is  B : 
But  Every  C  is  A : 
Therefore  Every  C  is  B. 
Which  is  the  condufion. 

Let  the  notion  A,  for  example,  comprehend  all 
trees ;  the  notion  B  every  thing  that  has  roots,  and 
the  notion  C  all  oaks,  and  then  our  fyllogifm  will 
run  thus : 

Every  tree  has  roots : 
But  Every  oak  is  a  tree : 
Therefore  Every  oak  has  roots. 
II.  If  the  notion  C  has  a  part  contained  in  A,  that 
part  will  likewife  be  fo  in  B,  becaufe  the  notion  A 
is  wholly  included  in  the  nottf)n  B,  f plate  I.  ^g.  9 
and  10.^ 
Hence  refults  the  fecond  form  of  fyllo^fm : 

Every  AisB: 
But  Some  C  is  A: 
Thoefore  Some  C  is  B. 
he  notion  C  were  entirely  out  of  the  notion  A^ 
^  would  follow  with  refpeft.  to  the  notion  B : 
t  happen  that  notion  C  fhould  be  entirely  out 
5^*  II.)  or  wholly  in  B,  Qlg.  12.)  or  partly 
B,  (^.  13.)  fo  that  no  conduiion  could  be  * 
u 

in.  Bu% 
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III.  But  if  notion  C  were  wholly  out  of  notion  B, 
it  would  likewife  be  v/holly  out  of  notion  A,  as  we 
fee  in^^.  1 1.     Hence  refults  this  form  of  fyllogifm  : 

Every  A  is  B : 
But  No  C  is  B,  or  no  B  is  C: 
Therefore  No.  C  is  A.  .      , 

IV.  If  the  notion  C  has  a  part  out  of  the  uotion 
B,  that  fame  part  will  certainly  likewife  be  out  of  the 
notion  A,  becaufe  this  laJft  is  wholly  in  the  notion  B, 
(jig*  14.)    Hence  this  form  of  fyllogifin : 

Every  A  is  B": 
But  Some  C  is  not  B : 
Therefore  Some  C  is  not  A. 

V.  If  the  notion  C  contains  the  whole  of  notion 
B,  part  of  notion  C  will  certainly  fall  into  notion  A : 
(jig*  1 5O    Hence  t^is  form  of  fyllogifm. 

Every  A  is  B : 
But  Every  B  is  C : 
Therefore  Some  C  is  A. 
No  other  form  is  ^poflible,  while  the  firft  propofi- 
tion  is  affirmative  and  univerfal. 

Let  us  now  fuppofe  the  firft  propofition  to  be  ne- 
gative and  univerfal ;  namely. 

No  A  is  B. 
It  is  reprefented  in  Jig.  4.  where  tlie  notion  A  is 
entirely  out  of  notion  B  j  and  the  following  cafes 
^woll  furnifli  contlufions. 

I.  If  notion  C  is  entirely  in  notion  Bj  it  muft  like- 
wife  be  entirely  out  of  notion  A,  (Jig.  1 6.)    Hence 
this  form  of  fyllogifm : 
Vol,  I.  D  d  No 
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No  A  is  B : 
But  Every  C  is  B: 
Therefore  No  C  is  A. 
11.  If  notion  C  is  entirely  comprehended  in  notion 
A,  it  muft  alio  be  entirely  cs^duded  from  notion  B, 
(fiZ*  ^  7')    Hence  a  fyllogifin  of  this  form : 

NoAisBt 
But  Every  C  is  A : 
Therefore  No  C  ift  B* 
in.  If  noticm  C  has  a  part  contained  in  notion  A, 
that  part  muft  certainly  be  out  of  notion  B ;  as  in 
Jig.  1 8.  or  \vijig.  19.  and  20i    Hence  a  fyllo^im  of 
this  form : 

No  A  is  B: 
But  Some  C  is  A^  or  fome  A  is  C : 
Therefore  Some  C  is  not  B« 
IV.   In  like  manner,  if  notion  C  has  a  part  con- 
tained in  B,  that  part  will  certainly  be  out  of  A :  as 
in^^.  21.  as  alfoy?^.  22.  and  23.    Hence  the  follow- 
ing fyllogifm :  « 

No  A  is  B: 
But  Some  C  is  B,  or  fome  B  is  C : 
Therefore  Some  C  is  not  A. 
As  to  the  other  forms,,  in  which  the  firft  propofition 
is  particular,  affirmative,  or  native ;  I  fliall  fliew, 
in  another  letter,  how  they  may  be  reprefented  by 
figures. 


I  *ith  Fdrua^y,  1761. 
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LETTER  av. 

Different  Forms  of  Syllogifms^  whofe  Jirjl  Propojition  is 

particular. 

TN  the  preceding  letter  I  have  prefented  you  with 
•*•  the  di&rent  forms  of  fyllogifms,  or  fimple  rea- 
fonings,  which  derive  their  origin  from  the  firft  pro- 
pofition,  when  it  is  univerfal,  affirmative,  or  nega- 
tive. It  ftill  remains  that  I  lay  before  you  thofe  fyl- 
logiims,  whofe  fiirft  propoiition  is  particular,  affir- 
mative, or  negative,  in  order  to  have  all  poffible 
forms  of  fyllogifm.  that  lead  to  a  fair  conclufion. 

Let,  then,  the  firiO:  proportion,  affirmative,  and 
particular,  be  expreifed  in  this  general  form. 

Some  A  is  B.     (Plate  Lyig-.  5.) 
in  which  a  part  of  the  notion  A  is  contained  in  the 
notion  B. 

Let  us  introduce  a  third  notion  C,  which,  being 
referred  to  notion  A,  will  either  be  contained  in  no- 
tion A,  as  in  Jig.  24,  25,  and  26 ;  or  will  have  a  part 
in  the  notion  A,  as  in  fig.  27,  28,  and  29 ;  or  will 
be  entirely  out  of  notion  A,  as  \nfig.  i,  2,  and  3,  of 
plate  n.  No  conclufion  can  be  drawn  in  any  of  thefc 
cafes ;  as  it  might  be  poffible  for  notion  C  to  be  en- 
tirely within  notion  B,  or  in  part,  or  not  at  all. 

But  if  notion  C  contains,  in  itfelf,  notion  A,  it  is  . 
certain,  that  it  will  likewife  contain  a  part  of  notion 
B :  as  in  fig.  4  and  5,  oi  plate  11.    Hence  refults  this 
form  of  fyllogifm : 

D  d  2  Some 
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Some  A  is  B :  But  Every  A  is  C  : 
Therefore  Some  C  is  B. 
It  is  the  fame  when  we  compare  notion  C  with  no- 
tion JB :  we  can  draw  no  conclufion  iinlefs  notion  C 
contains  notion  B  entirely ;  (fee  jS^.  6  and  7.)  for  in 
that  cafe,  as  notion  A  has  a  part  contained  in  notion 
B,  the  fame  part  will  then  certainly  be  contained^ 
likewife,  in  C :  hence  we  obtain  this  form  of  fyllo- 
gifm :  Some  A  is  B : 

But  Every  Bis  C: 
Therefore  Some  C  is  A. 
Let  us  finally  fuppofe,  that  the  firft  propofition  is 
negative  and  particular,  namely. 

Some  A  is  not  B. 
It  is  reprefented  in  plate  11.  Jig.  8.  in  which  part  of 
notion  A  is  out  of  notion  B. 

In  this  cafe,  if  the  third  notion  C  contains  notion 
A  entirely,  it  will  certainly  alfo  have  a  part  put  of 
notion  B,  as  in  Jig.  9  and  i  o :  which  gives  this  fyl- 
logifm :  Some  A  is  not  B : 

But  Every  A  is  C  :, 
Therefore  Some  C  is  not  B. 
Again,  if  notion  C  is  wholly  included  in  notion 
B,  as  A  has  a  part  out  of  B,  that  fame  part  will  like- 
wife  certainly  be  out  of  C,  (feejf^.  1 1  and  1 2.)  Hence 
this  form  of  fyllogifm  : 

Some  A  is  not  B : 
But  Every  C  is  B : 
Therefore  Some  A  is  not  C. 
It  may  be  of  ufe  to  collect  all  thefe  forms  of  fyllo- 
gifm into  one  table,  in  order  to  confider  them  at  a 
fingle  glance. 
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I.                    Every  A  is  B : 

But  Every  C  is  A  : 

Therefore  Every  C  is  B. 

XI.                  No  A  is  B: 
But  Some  C  is  B : 
Therefore  Some  C  is  not  A. 

II.                    Every  A  is  B  : 
But  Some  C  is  A : 
Therefore  Some  C  is  B. 

Xil.               No  A  is  B: 

But  Some  B  is  C  : 
Therefore  Some  C  is  not  A. 

Ill,                 Every  A  is  B : 
But  No  C  is  B  : 

'Therefore  No  C  is  A. 

XIII.               Some  A  is  B : 
But  Every  A  is  C : 
Therefore  Some  C  is  B. 

• 

IV.                 Every  A  is  B: 
But  No  B  is  C: 
Therefore  No  C  i$  A. 

XIV.              Some  A  is  B  : 

But  Every  B  is  C  : 

Therefore  Some  C  is  A. 

V.                   Every  A  is  B  : 
But  Some  C  is  not  B : 
Therefore  Some  C  is  not  A. 

XV,                Some  A  is  not  B: 
But  Every  A  is  C  ; 
Therefore  Some  C  is  not  B. 

VI.                  Every  A  is  B  : 

But  Every  B  is  C  : 

Therefore  Some  C  is  A. 

XV  I.               Some  A  is  not  B  : 
But  Every  C  is  B : 
Therefore  Some  A  is  not  C. 

VIL                No  A  is  B: 

But  Every  C  is  A  : 
Therefore  No  C  is  B. 

XVII,           Every  A  is  B: 

But  Some  A  is  C: 

Therefore  Some  C  is  B. 

VIII.              No  A  is  B : 

But  Every  C  is  B  : 
Therefore  No  C  is  A. 

XVIII.           No  A  is  B  •/ 
But  Every  A  is  C  : 
Therefore  Some  C  is  notB. 

IX.                 No  A  is  B: 
But  Some  C  is  A : 
Therefore  Some  C  is  not  B. 

XIX.              No  A  is  B: 

But  Every  B  is  C : 
Therefore'  Some  C  is  riot  A. 

X.                   No  A  is  B  : 

But  Some  A  is  C: 
Therefore  Some  C  is  not  B. 

XX.               Every  A  is  B: 
But  Every  A  is  C : 
Therefore  Some  G  is  B. 

•T" 
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Of  thcfe  twenty  forms^  I  remark,  that  XVI.  is  the 
fame  with  V.  the  latter  changing  into  the  former^  if 
you  write  C  for  A,  and  A  for  C,  and  begin  with  the 
fecond  propofition :  there  are,  accordingly,  but  nine^ 
teen  different  forms. 

The  foundation  of  all  thefe  forms  is  reduced  to 
two  principles,  refpeding  the  nature  of  containing  and 
contained. 

I.  Whatever  is  in  the  thing  contained^  muji  Ukewife  bi 
in  the  thing  containing* 

TL  Whatever  is  out  of  the  containing^  mu/l  likewife  be 
out  of  the  contained. 

Thus,  in  the  laft  form,  where  the  notion  A  is  con- 
tained entirely  in  notion  B,  it  is  evident,  that  if  A  is 
contained  in  the  notion  C,  or  makes  a  part  of  it, 
that  lame  part  of  notioL  C  will  certainly  be  contained 
in  notion  B,  fo  thit  fome  C  is  B. 

Every  fyUogifr.i,  then,  confills  of  three  propofitions, 
the  two  firft  ex  which  are  called  the  premifesj  and 
the  third  the  conclufion.  Now,  the  advantage  of  all 
thefe  forms,  to  direct  our  reafonings,  is  this,  that  if 
the  preniifes  are  both  true,  the  conclufion,  infallibly, 
is  fo. 

This  is,  Ukewife,  the  only  method  pf  difcovering 
unknown  truths.  Every  truth  mufl  always  be  the 
conclufion  of  a  fyllogifm,  whofe  premifes  are  indu- 
bitably true.  Permit  me  only  to  add,  that  the  for- 
mer of  the  premifes  is  called  the  major  propofition^ 
and  the  other  the  minor. 

21/?  February y  1 761, 
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Analyjis  offome  Syllogi/ms. 

IF  you  have  paid  attention  to  all  the  forms  of  fyl- 
logifm,  which  I  have  propofed,  you  mufi  fee,  that 
every  fyllogifm  neceflarily  confifts  of  three  propo- 
fitions :  the  two  firft  are  called  prexnifes,  and  the 
third,  the  conclufion*  Now  the  force  of  the  nineteen 
forms,  laid  down,  coi^Sils  in  this  property  common 
to  them  all,  that  if  the  two  firft  propoiitions,  or  the 
premifes,  are  true,  you  may  reft,  confidently  affured 
a£  the  truth  of  the  conclufion. 

Let  US  confider,  for  example,  the  following  fyU 
logifiiu 

NO  VIRTUOUS  MAN  IS  A  SLANDERER  ; 
But    SOME      SLANDERERS     ARE      LEAi^NED 

MEN  : 

Therefore  somc  learned  men  are  not  vir» 

TUOUS. 

Whenever  you  allow  me  the  two  firft  propofitions, 
you  are  obliged  to  allow  the  third,  which  neceflarily 
follows  from  it. 

This  fyllogifin  belongs  to  form  XII,  The  lame 
thing  holds  with  regard  to  all  the  others,  which  I 
have  laid  down,  and  which  the  figures,  whereby  I 
have  reprefented  them,  render  fenfible.  Here  we 
are  prefented  with  three  notions:  (Opiate  n.y?f.  13.) 
that  of  virtuous  men,  that  of  flanderers,  and  that  of 
learned  n^en. 

^'  '  Dd  4  Let 
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Let  the  fpace  A  reprefent  the  firft,  fpace  B  the  fe- 
condy  and  fpace  C  the  third.  It  being  iaid,  in  the 
firft  propofition.  That  no  virtuous  man  is  a  flanderer ; 
we  maintain,  that  nothing  contained  in  the  notion 
of  the  virtuous  man,  that  is,  in  the  fpace  A,  is  com- 
prehended in  the  notion  of  the  flanderer :  that  is, 
Ipace  B^  therefore  fpace  A  is  wholly  out  of  fpace  B, 
(itt  plate  \i.^g.  14.) 

But  it  is  faid,  in  the  fecond  propofition,  that  fome 
men  comprehended  in  notion  B,  are,  likewife,  con- 
tained in  that  of  learned,  that  is,  in  fpace  C :  or  dfe, 
you  may  fay,  that  part  of  fpace  B  is  within  fpace  C ; 
(plate  Il.yf^.  1 50  where  the  part  of  fpace  B,  included 
in  C,  is  marked  with  a  *  ;  which  will  be,  likewife, 
part  of  fpace  C,  Since,  therefore,  fome  part  of  fpace 
C  is  in  B,  and  that  the  whole  fpace  B  is  out  of  fpace 
A,  it  is  evident,  that  the  fame  part  of  fpace  C  muft, 
likewife,  be  out  of  fpace  A,  that  \%^fome  learned  men 
are  not  virtuous. 

It  muft  be  carefully  remarked,  that  this  conclufion 
refpecls  only  the  part  *  of  notion  C,  which  is  com- 
prehended in  notion  B :  for  as  to  the  reft,  it  is  un- 
certain, whether  it  be  likewife  excluded  from  notion 

A,  as  in  plate  Il.yf^.  16,  or  wholly  contained  in  it,  as 
in  plate  W-fig*  17,  or  only  in  part,  as  m  plate  11.^^.  18. 

Now,  this  being  left  uncertain,  the  remainder  of 
fpace  C  falls  not  at  all  under  confideration  ;  the  con- 
clufion  is  limited  to  that  only  which  is  certain,  that 
is  to  fay,  the  fame  part  of  fpace  C,  contained  in  fpace 

B,  is  certainly  out  of  fpace  A,  for  this  laft  is  wholly 
put  of  fpace  B. 

The 
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The  juftnels  of  all  the  other  forms  of  fyllogifm  may. 
be  demonftrated  in  like  manner ;  but  all  thofe  which 
deviate  from  the  nineteen  forms  laid  down,  or  which 
are  not  comprehended  under  them,  are  deiUtute  of 
foundation,  and  lead  to  error  and  fslfhood 

You  will  clearly  difcern  the  fault  of  fuch  a  fyllo* 
gifm,  by  an  example,  not  reducible  to  any  of  the 
nineteen  forms : 

SOME  LEARNED  MEN  ARE  MISERS  : 
But  NO  MISER  IS  VIRTUOUS  I 

Therefore  some  virtuous  men  are  not  learned^ 
This  third  propofition,  may,  perhaps,  be  true ;  but 
it  does  not  follow  from  the  prcmifes.  They  too  (the 
premlfes)  may  very  well  be  true,  and,  in  the  prefent 
inftance,  they  actually  are  fo,  but  the  third  is  not,  for 
that,  a  fair  conclufion  :  becaufe  it  is  contrary  to  the 
natute  of  juft  fyllogifm,  in  which  the  conclufion  al- 
ways muft  be  true,  when  the  premifes  are  fo.  Ac* 
cordingly,  the  fault  of  the  form,  above  propofed,  is 
immediately  difcovered,  by  cafting  your  eyes  on 
^g.  1 3.  of  plate  II.  Let  fpace  A  contain  all  the  learned  j 
fpace  B  all  the  avaricious ;  and  fpace  C  all  the  vir- 
tuous. Now,  the  fi'rft  propofition  is  reprefcnted  by 
^g.  1 9.  in  which  part  *  of  fpace  A,  (the  learned)  is 
contained  in  fpace  B,  (the  avaricious). 

Again,  in  the  fecond  propofition,  the  whole  fpace 
C,  (the  virtuous)  is  out  of  fpace  B,  (the  avaricious) : 
but  it  by  no  means  follows,  (^g.  20.)  that  part  of 
fpace  C  muft  be  out  of  fpace  A. 

It  is  even  poffiblc  for  fpace  C,  to  be  entirely  -within 
'  fpace 
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n..  You  nmft  carefidly  diftinguifh  thefe  three  terms 
of  every  fyllogifin.  Two  of  them,  namely,  B  and  C, 
enter  into  the  condufion,  the  one  of  which,  C,  is  the 
fubjeil^  and  the  other,  B,  the  attributey  or  predicate. 
In  logick,  the  fubjeci  of  the  condufion,  C,  is  called 
the  minor  temij  and  the  predicate  of  the  condufion,  B, 
the  major  term.  But  the  third  notion,  or  the  term 
A,  is  found  in  both  premifes,  and  it  is  combined 
with  both  the  other  terms,  in  the  rondufion.  This 
term.  A,  is  called  the  mean  or  medium  term.  Thus, 
in  the  following  example. 

NO  MISER  IS  VIRTUOUS  : 

I 

But  SOME  LEARNED  MEN  ARE  MISERS  : 

Therefore  some  learned  men  are  not  virtuous.  ' 

The  notion  learned  is  the  minor  term,  that  of  v/r- 
tuous  is  the  major,  and  the  notion  of  mifer^  is  the 
mean  term. 

III.  As  to  the  order  of  the  propofitions,  it  is  a  mat- 
ter of  indifference,  whether  of  the  premifes  is  in  the 
firft  or  fecond  place,  provided  the  condufion  holds 
the  laft,  it  being  the.confequence  from  the  premifes. 
Logicians  have,  however,  thought  proper  to  lay  down 
this  nile : 

Thefrji  propcfition  is  always  that  which  contains  the 
predicate  of  the  concliifion^  or  the  major  term  ;  for  this 
Hjk^J'^Ji^  ^^^^  ^'^  ^''^'^  ^^  this  propofxtion  the  name  of 
ibftr  m^jor .  propofition. 

.r%b$ fecond propojition  contains  the  minor  term^  or  the' 
il^ljfeS  of  the  condufion  J  and  hence  it  has  the  name  of  the 
*^oc  propofition. 

Thus,  the  major  propofttion  of  a  fyllogifin  contains 

the 
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the  mean  term,  with  the  major  term,  or  predicate 
of  the  conclufion ;  an4  the  minor  propqfition  contain^ 
the  mean  term,  with  the  minor  term,  or  fubjed,  of 
the  conclufion. 

IV.  Syllogifins  are  diftinguilhed  under  different 
Jigures^  according  as  the  mean  term  occupies  the 
place  oifubjedj  or  attribute^  in  the  premifes.    • 

Logicians  have  eftablifhed  four  figures  of  fyllo- 
^fms,  which  are  thus  defined : 

^\Mt  Jirji  figure  is  that  in  which  the  mean  term  is 
the  fubject,  in  the  major  propofition,  and  the  predi- 
cate, in  the  minor. 

Hhtfecond figure^  that  in  which  the  mean  term  is 
the  predicate,  in  both  the  major  propofition,  and  the 
minor* 

The  third  figure^  that  in  which  the  mean  torm  i« 
the  fubjed,  in  both  the  major  and  minoi:  propo- 
fitions.     Finally, 

The  fourth  figure^  is  that  in  which  the  mean  term 
is. the  predicate,  in  the  major  propofition,'and  the 
fubjed,  in  the  minor. 

Let  P  be  the  minor  term,  or  fubjeft  of  the  con- 
dufion  :  Q  the  major  term,  or  predicate,  of  the  con- 
clufion,  and  M  the  mean  term ;  the  four  figures  of 
fyllQgifixi  will  be  reprefented  in  the  manner  follow- 
ing: 

Figure  Firfl:. 

Major  Propofition 

Minor  Propofition 

Conclufion 


M Q 

P M 


P Q 


Figure 
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Vigarc  Second. 

Major  Prqpofition 

Afinor  ProfK^doii 

Conchifion 


Q M 

P     —   —    M 


P Q 

figure  Third. 


Major  Propofition 

Minor  F^qpofidon 

Condufion 


M Q 

M P 


P    -  -   Q 

Figure  Fourth. 


Major  Propofition 

BiGnor  Propofition 

Condufion 


Q M 

M P 

P Q 


V.  Again,  according  as  the  propofitions  themfelves 
are  univerlal,  or  particular,  affirmative,  or  n^ative^ 
fach  figure  contains  feveral  forms,  called  Modes.  In 
order,  the  more  dearly,  to  reprefent  thefe  modes  of 
each  figure,  we  mark  by  the  letter  A,  univerfal  affir* 
mative  propofitions  ;  by  the  letter  E,  univerial  n^« 
tive  propofitions ;  by  the  letter  I,  particular  affirmar- 
tive  propofitions :  and,  finally,  by  the  letter  O,  par- 
ticular negative  propofitions :  or  elfe, 

A  reprcfents  an  univerfal  affirmative  propofition. 
£  repre&nts  an  univerial  n^ative  propofition. 
I  reprefents  a  particular  affirmative  propofition. 
O  reprefents  a  particular  n^ative  propofition. 

VL  Hence,  our  nineteen  forms  of  fyllogifm,  above 
idelcribed,  are  redudble  to  the  four  figures,  which  I 
luve  juft  laid  down,  as  in  the  following  tables  ; 

I.  Modes 
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I.  Modes  of  the  Rrft  Figure. 


., . : s— — i f. 

1 

ift  Mode. 

2d  Mode. 

A»  XJL.  A» 

A.  LI. 

Every  M  is  Q ; 

Every  M  is  Q ; 

But  Every  P  is  M : 

But  Some  P  is  M : 

Therefore  Every  P  is  Q. 

•        • 
1 

Therefore  SomeP  is  Q. 

3d  Mode. 

4th  Mode. 

E.  A.  E. 

E.  I.  0. 

No  M  is  <2 ; 

No  M  is  Q ; 

But  Every  P  is  M : 

But  Some  P  is  M : 

,  Tbcrefore  no  P  is  Q. 

Therefore  Some  P  is  not  Q. 

n.  Modes  of  the  Second  Figure. 


1 

ift  Mode. 

A»  £.  E* 
Every  Q  is  M  j 
ButNoPisMi 
Iherefore  No  P  is  Q. 

2d  Mode. 

A.  0.  0. 

Every  Q  is  M ; 
But  Some  P  is  not  M : 
Therefore  Some  P  is  not  Q. 

3  Mode.   . 

£•  A.  £» 

4th  Mode. 

E.  L  0. 

No  Q  is  M  ; 
But  Every  P  is  M  : 
therefore  No  P  is  Q. 

No  Q  is  M ; 
But  Some  P  is  M  : 
Therefore  Some  P  is  not  Q. 

m.'  Modes 


\' 


4i6 
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Ill-  Modes  of  the  Third  Figure. 


ift  Mode. 

A.  A.  I. 

Every  Mis  Q; 
But  Every  M  is  P: 
Therefore  Some  P  is  Q. 


2d  Mode. 

I.  A.  L 
Some  M  Is  Q ; 
But  Every  M  is  F: 
Therefore  Some  P  is  Q. 


3d  Mode. 
A.  1. 1. 

Every  M  isQ; 
But  Some  M  is  P: 
Therefore  Some  P  is  Q. 


4th  Mode. 

E.  A.  O. 

NoMisQ; 
But  Every  M  is  P: 
Therefore  Some  P  is  notQ. 


5th  Mode. 
E.L  O. 

NoM  is  Q; 
But  Some  M  is  P: 
Th»cforc  Some  P  is  not  Q. 


6th  Mode. 

O.  A.  O. 
SomeMisnotQ; 
But  Every  M  is  P: 
Therefore  Some  P  is  not  Q. 


IV.    Modes  of  the  Fourth  Rgure. 


ift  Mode. 

A.  A.  I. 
Every  Q  is  M; 
But  Every  M  is  P: 
Therefore  Some  P  is  Q. 


2d  Mode. 

LA.  I. 
Some  Q  is  M; 
But  every  M  is  P: 
Therefore  Some  P  is  Q. 


3d  Mode. 

A.  E.  E« 
Every  Q  is  M; 
But  NoM  is  P: 
Tlierefore  No  P  is  Q. 


4th  Mode. 

E.  A.  O. 
No  Q  is  M; 
But  Every  M  is  P: 
Therefore  Some  P  is  not  Q. 


5th  Mode. 
E.  I.  O. 
NoQisM: 
But  Some  M  is  P : 
Therefore  Some  P  is  not  Q- 


Yoii 
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You  fee,  then,  that  the  firft  figure  has  four  modes ; 
the  fecond  four  ;  the  third  fix ;  the  .fourth  five ;  fo 
that  the  "whole  of  thefe  modes,  together,  is  nineteen^ 
being  precifely  the  fame  forms  which  I  have  above 
explained,  and  have  juft  now  difpofed  in  the  four 
figures.  In  other  refpecfcs,  the  juftnefs  of  each  of 
thefe  modes  has  been  already  dcmonftrated,  by  the 
fpaces  which  I  employed,  to  mark  the  notions.  The 
only  difference  confiflis  in  this,  that  here  I  make  ufe 
of  the  letters,  P,  Q,  M,  infl:ead  of  A,  B,  C. 

^^tb February ^  I ']bi. 
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Vb/ervations  and  Refledtons^  on  the  different  Modes  gf 

Syllogifnu 

T  FLATTER  myfelf,  that  the  following  refleftions 
-^  will  contribute,  not  a  little,  to  place  the  nature  of 
fyllogifms  in  a  clearer  light.  You  muft  pay  particu^ 
lar  attention  to  the  fpecies  of  the  propofitions  which 
compofe  the  fyllogifms,  of  each  of  our  four  figureiy, 
that  is  to  fay,  whether  they  are, 

1.  Univerfal  affirmative,  the  fign  of  which  is  A  j  or 

2.  Univerfal  negative,  the  fign  of  which  is  E ;  or 

3.  Particular  affirmative,  the  fign  of  which  is  Ij 
or,  finally, 

4.  Particular  negative,  the  fign  of  which  is  O  j  an4 
you  will  readily  admit  the  juftneis  of  the  following 
reflexions : 

Vol.  !•  E  e  I.  In 
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L  In  no  one  infiance  are  both  premifes  negative 
propofitions.  Logicians  have  hence  formed  this 
rule: 

From  two  negative  fropoJitioiUj  no  conclu/ion  can  be 
drawn* 

The  reafon  is  evident,  for  laying  down  P  and  Qs 
as  the  tenns  of  the  condufion,  and  M  as  the  mean 
term,  if  both  premifes  are  n^ative,  the  affirmation 
is,  that  the  notions  P  and  Q,  are  either  wholly,  or 
in  part,  out  of  M :  it  is,  accordingly,  impoffihle  to 
conclude  any  thing,  refpeAing  the  conformity,  or 
difconformity,  of  the  notions  P  and  Q.  Though  I 
knew  from  hiftory,  that  the  Gauls  were  not  Romans, 
and  that  neither  were  the  Celtae  Romans,  this  would 
not  contribute  in  the  leafl  to  inform  me  whether  the 
Celtae  were  Gauls  or  not.  Two  negative  premifes, 
therefore,  lead  to  no  conclufion. 

II.  Both  premifes  are,  in  no  one  inflance,  particu- 
lar propoiitions  ;  hence  this  rule  is  lo^c : 

From  two  particular  propojitions^  no  conclufion  can  be 
drawn. 

Thus,  for  example,  becaufe  feme  learned  men  are 
poor,  and  fome  others  malevolent,  it  is  impoffihle  to 
conclude,  that  thofe  who  are  poor  are  malevolent, 
or  that  they  are  not  fo.  If  you  refleft  ever  fo  little 
on  the  nature  of  a  confequence,  you  mufl  immedi- 
ately perceive,  that  two  particular  premifes  lead  to 
no  conclufion  whatever, 

m.  If  either  of  the  premifes  is  negative^  the  conclu/ion 
too  muft  be  negative* 

This  is  the  third  rule  which  logic  prefcribcs.  When 
'  fomething 
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femething  is  denied  in  the  premifes,  it  is  impolfible 
to  affirm  any  thing  in  the  conclufion ;  we  muft  al> 
folutcly  deny  there  Kkewife.  This  rule  is  perfeftly 
confirmed  by  aU  the  laws  of  fyliogifin,  whofe  jufiice 
has  been  above  demonftrated. 

IV.  Tf  one  of  the  fremifes  is  particular^  the  conclufion 
too  mti/i  be  particular. 

:  This  is  the  fourth  rule  prefcribed  in  logic*  The 
charaAer  of  particular  propofitions  being' the  word 
fome^  if  we  fpeak  only  of  fome  in  one  of  the  premifes, 
it  is  impoflible  to  fpeak  generally,  in  the  conclufion  ; 
it  muft  be  reftrifted  t^  fome.  This  rule,  likewife,  is 
confirmed  by  all  the  laws  of  fyllogifm,  whofe  juftnefif 
|s  indubitable. 

y*  When  both  prmifes  arc  affirmative^  the  conclufion 
isfo  likewife n  But  though poih  premifiss  may  be  univerfaly 
the  conclufion  is  not  alwdys  univerfaly  fometimes  it  is  par* 
ticular  only^  as  in  the  firfl  mode  of  figures  third  and 
fourth, 

VI.  Befide  univerlal  and  particular  propofitions^ 
we,  fi3metimes,  make  ufe  oifmgular  propofitions,  the 
fubject  of  \trluch  is  jm  ipdividual  j  as  when  1  fay : 

Yirgil  v^s  a  great  Poet^ 

The  name  of  Virgil  is, .not  a  general  notion,  contain^ 
ing  feveral  beings  i|i  itfelf :  it  is  the  proper  name  o£ 
a  re^  individual,  who  lived  a  great  many  years  agow 
This  propofition  is  cHHtdiftngular ;  and  when  it  is  in* 
troduced  into  a  fyUogifm,  it  is  of  importance  to  dcr 
termine,  whether  we  are  to  confider  it  as  holding  the 
rank  of  an  univerfal,  or  particular ,  prqpofition..    . 

E  e  2  VII.  Certaia 
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VII.  Cciiain  authors  infift,  that  a  fingi 
Jition  muft  be  ranked  in  the  clafsof  part 
being  confidcrcd,  that  a  particular  propofi 
only  of  fome  beings  comprehended  in  t 
whereas  an  univerial  propofition  fpeaks  of 
fay  thefe  authors,  when  we  fpeak  of  only 
being,  this  is  ftill  lefs  than  when  we  fpeati 
and,  confcquently,  a  fingular  propofitio 
confidered  as  very  particular. 

VIII.  However  well  founded  this  reaf 
appear,  it  cannot  be  admitted.  The  effeni 
ticu!;ir  propofition  confifts  in  this,  that  i 
fpenk  of  all  the  beings,  comprehended  in 
of  ilie  fubjciTt,  whereas  an  univerfa!  propo£ 
of  all,  without  exception.    'iTius,  when  ii 


Ssme  citizens  of  BeiUn  are  rich, 

the  fubjcft  of  this  propofition  is  the  notio 
cilizens  of  Berlin  j  but  this  fubject  is  not  1 
it's  extent,  it's  fignification  is  exprefsly  r 
fome:  and,  by  this,  particular  propofitii 
fcntially  diftinguiflied  from  univerfal,  as 
only  on  a  part  of  the  beings  comprehenc 
fubjcft. 

IS.  It  is  dearly  evident,  from  this  rcn 
finpt'iar propofition  muft  be  confidered  as  un 
ill  fpeaking  of  an  individual,  £iy  Virgil,  i 
fpjfl,  reftrifts  the  notion  of  the  fubjec 
VirgU  himfelf,  but  rather  admits  it  in  all 
tXHtijfcr  this  reafm^  the  fame  rulet  which 
itvafil  'propefitieps  apply-,  likewife,  to  fm^ 
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Jitions.    The  following  is,  accordingly,  a  very  good 
iyllogifm  : 

VOLTAIRE  IS  A  PHILOSdPHER  J 
But  VOLTAIRE  IS  A  POET  : 

Therefore  Some  poets  are' philosophers^ 
And,  it  would  be  faulty,  if  the  two  premifes  were 
particular  propofitions,  but  being  confidered  as  uni- 
Verfal,  this  fyllogifm  belongs  to  figure  third,  and  the 
firft  mode  of  the  form  A,  A.  I.  The  individual  idea 
of  Voltaire  is  the  mean  term,  which  is  the  fubjecl 
of  both  major  and  minor ;  arid  this  is  the  charafter 
of  figure  third. 

^  X.  Finally,  I  ijiuft  remark,  that  hitherto  I  have 
fpoken  only  oifmple  propfjitlons^  which  contain  only 
two  notions,  tjie  one  of  which  is  affirmed  or  denied, 
iMaiyerfiilly ,  or  particularly.  With  refped  to  compound 
propofttiom^  logic  prefcribes  peculiar  rules.. 

l4^rcb,  1 761. 

LETTER    CVin. 

I  r  ,  .■ 

.      .        .'      •  ■  •  < 

thjpothetical  Propofitiom^  and  Syllogifms  c$njlruded  of 

thenu  ^• 

^\1II7E  have,  hitherto,  - cbnfidered  fimple  pfdpo- 
fitions  only,  or'Tuch  ^as  contain  but  two  no- 
tidra,  the  one  of  which  is  the  fubjeft,  the  other  the 
predicate.  Thefe  propofitions  can  form  no  other 
fyllogifms,  except  thofe  which  I  have  Isdd  before  you, 
and  which  are  contained  in  the  four  figures  above 
explained.  But  we,  likewife,  frequently  employ 
;        ^  •  E  e  3  compound 
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It  is,  undoubtedly,  true,  that  the  Gazette,  may  ncJt 
fpeak  truth  j  ncverthelefe,  it  is  very  poffible  that 
peace  may  be  approaching. 

The  other  form  is  equally  erroneous  ; 

If  THE  GAZETTE   IS  TRUE,  PEACE  AP-    : 
PROACHES; 
BuJt  .PtACE  APPHOACHES: 

Therefore  the  gazette  is  truIe. 
Let  us  fuppofe,  that  this  confcdatory  truths  peace  ap' 
preaches^  were  revealed  to  us,  fo  as  to  be  put  beyond 
the  poffibility  of  doubt,  it  would  by  no  means  fol- 
low that  Gazettes  are  true,  or  that  they  never  con- 
tain untruths.  1  hope,  at  leaft,  that  peace  is  at  hand, 
though  lam  veiy  far  from  putting  confidence  in 'the 
truth  of  Gassettes. 

Thefc  two  laft  forms  of  fyllogifins,  therefore,  are 
fallacious  ;  but  the  two  preceding  are  certainly  good, 
and  never  lead  into  error,  provided  that  the  firft 
conditional  propofition  is  true,  or  that  the  laft  part 
he  a  neceffary  confequence  of  the  firft. 

Of  this  conditional  propofition : 

^If  AisB,  CwillbeD. 

The  firft  part,  A  is  B,  is  called  the  antecedent^  and 

the  other,  C  ivill  be  Z),  the  confequenU     Logic'  pre- 

.  fcribes  the  two  following  rules  to  direct  us  in  this 

:  fty le  of  reafoning : 

I.  Whoever  admits  the  antecedent^  mujl  likeivi/e  adtnit 
:  tbe  confequent. 

II.  IVboever  denies^  or  rcjtdsy  the  confequcnt^  muJl 
;  Uittwije  deny  J  or  reject  ^  tbe  antecedent. 

But  you  may  very  wdl  deny  the  antecedent  with- 
out 
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out  denying  the  confequent^  and  likewife  admit  the 
confequcnt  without  admitting  the  antecedent. . 
.  There  are  ftill  other  compound  propolitions,  of 
which  alfo  fyllogifms  may  be  formed.  It  will,  per- 
|iaps,  be  fufficient  to  produce  a  fingle  example.  Hav- 
injg  this  propofition : 

Every  fubftance  is  body  or  fpirit : 
the  conclufion  will  run  in  the  following  manner^ : 

I.  But  Such  a  fubftance  is  not  body ; 
Therefore  It  is  fpirit. 

11.  But  Such  a  fubftance  is  body ; 
^Therefore  It  is  not  fpirit. 

But  it  is  entirely  unnecefTary  to  detain  you  longer 
on  this  fubjeft. 

^th  March y  1 761. 


LETTER      CIX. 

Of  the  Imprejfton  of  Senfations  on  the  Soul. 

TTAVING  endeavoured  to  unfold  the  principles  of 
logic,  whofe  objeft  it  is  to  lay  down  infallible 
rules  for  right  reafoning,  I  muft  ftill  detain  you  a 
little  longer  on  the  fubject  of  ideas. 

We,  undoubtedly,  derive  them,  in  the  firft  in- 
rftance,  from  real  objecls,  which  ftrike  our  fenfcs; 
-and  as  far  as  they  are  ftruck  with  any  objeft,  a  fenfa- 
.tion  correfponding  is  thereby^  excited  in  the  foul. 
.Not  only  do  the  fenfes  reprefent  to  the  foul  the  ide^ 
:pf  that  objed,  but  they  give  it  full  affurance  of  it '8 
r  exiftence-' 
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imprefiion,  or  receiving  it  afrefh  ?  And^  though  it  he 
very  certain,  that  the  adion  of  objeds,  on  the  fenfes^ 
produces  fome  change  in  the  brain ;  this  change  is 
very  different  from  the  idea  which  b  occafioned  by 
it ;  and  the  fentiment  of  pleafure,  or  difguft,  as  well 
as  the  judgment  refpeding  the  objeft  itfelf,  which 
caufed  this  impreffion,  equally  require  a  being  wholly 
different  from  matter,  and  endowed  with  qualities  of 
quite  a  different  nature. 

Our  advances  in  knowledge  are  not  limited  to ' 
ideas  perceived:  the  lame  ideas,  r^colleded  in  the 
memory,  form  for  us,  by  abftradion,  general  ideas 
of  them,  which  contain,  at  once,  a  great  numbef 
of  individual  ideas  ;  and  how  many  abftrad  ideas  do 
.we  form,  refpefting  the  qualities  and  accidents  of 
objefts,  which  have  no  relation  to  any  thing  corpo*- 
real,  fuch  as  the  notions  of  virtue,  of  wifdom,  &c.  ? 

This,  after  all,  refers  only  to  the  underjianding^ 
which  comprehends  but  a  part  of  the  faculties  of 
the  foul ;  the  other  part  is  not  lefs  extenfive,  namely, 
the  will  and  liberty^  on  which  depend  all  our  refolu- 
tions  and  actions.  There  is  nothing  in  the  body  re- 
lative to  this  quality,  by  which  the  foul  freely  de^ 
termines  itfelf  to  certain  aftions,  even  after  mature 
deliberation.  It  pays  regard  to  motives,  without 
being  forced  to  fubmit  to  their  influence ;  and  li- 
berty is  fo  effcntial  to  it,  as  weft  as  to  all  fpirits,  that 
it  would  be  as  impoflible  to  imagine  a  fpirit  without 
liberty,  as  a  body  withoiit  extcnfion*  God  himfelf 
.could  not  diveft  a  fpirit' o£  ^^  effential  property. 

It. is  by  this,  accordingV}^  ^^^^  "^^  '^^  enabled  to 

folve 
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foive  all  the  perplexing  queftions  refpeding  the  origin 
of  evil,  the  penniflaion  of  fin,  and  the  exiftence  of 
all  the  calamities  by  which  the  world  is  oppreffed  j 
their  great  and  only  fburce  is  human  liberty. 

lOtb  March i  1761. 


^e»:&*»< 


L  E  T  T  E  R     ex. 

Of  the  Origin  and  PemiiJJion  of  Evil  \  and  of  Sin. 

THE  origin  and  permiflion  of  evil  in  the  world, 
is  an  airticle  which  has,  in  all  ages,  greatly  per- 
plexed theologians  and  philofophers.  To  believe  that 
God,  a  Being  fupremely  good,  fliould  have  created 
this  world,  and  to  fee  it  overwhelmed  with  fuch  va- 
riety of  evil,  appears  fo  contradiftory,  that  fome 
found  themfelves  reduced  to  the  neceffity  of  ad- 
mitting two  principles,  the  one  fupremely  good,  the 
other  fupremely  evil.  This  was  the  opinion  enter- 
taided  by  the  ancient  heretics,  known  in  hiftory  by 
the  name  of  Manicheans  ;  who,  feeing  no  other  way 
of  accounting  for  the  origin  of  evil,  were  reduced  to 
this  extremity.  Though  the  queftion  be  extremely 
complicated,  this  fingle  remark,  that  liberty  is  a  qua- 
lity effential  to  fpirits,  difpels,  at  once,  a  great  part 
of  the  difficulties,  which  would  otherwife  be  infur- 
mountable. 

In  truth,  when  God  had  created  man,  it  was  too 
late  to  prevent  fin,  his  liberty  being  fufceptible  of 
no  cgnftraint.    But,  I  fliall  be  told,  it  would  have 

been 
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been  better  not  to  create  fuch  and  fuch  men,  of 
fpirits,  who,  as  God  muft  have  forefeen,  would  abnfe 
their  liberty,  and  plunge  into  iin.  I  fhonld  deem  it 
rather  rafh  to  enter  upon  this  diicufiion,  and  to  pre* 
'  tend  to  judge  of  the  choice  which  God  might  have 
been  able  to  make,  in  creating  fpirits ;  and,  perhaps, 
the  plan  of  the  univerfe  required  the  exiftence  of 
fpirits  of  every  poffible  defcription.  And,  in  fad, 
when  we  refleft,  that  not  only  our  earth,  but  all  the 
^  planets,  are  the  habitations  of  rational  beings  i  and 
that  even  all  the  fixed  ftars  are  funs,  each  of  which 
may  have  around  it  a  fyftem  of  planets,  likewiie  ha» 
bitable,  it  is  clear,  that  the  number  of  all  the  beings 
endowed  with  reafon,  which  have  exifted,  which  do 
exift,  and  which  fliall  exift,  in  the  whole  univerfej 
muft  be  infinite. 

It  is,  therefore,  unpardonable  prefumption  to  in- 
finuate,  that  God  ought  not  to  have  granted  exift- 
ence to  a  great  number  of  fpirits  ;  and  the  very  per- 
fons,  who  thus  reproach  their  Maker,  would  cer- 
tainly not  wifli  to  be  of  the  number  of  thofe  to 
whom  exiftence  was  denied.  This  firft  objection, 
then,  is  fufficiently  done  away ;  and  it  is  no  way  in- 
confiftent  with  the  Divine  perfeftions,  that  exiftence 
has  been  beftowed  on  all  fpirits,  good  and  bad. 

It  is  next  alleged,  that  the  mifchievoufiiefs  of  fpirits, 
or  reafonable  beings,  ought  to  have  been  repreffed 
by  the  divine  Omnipotence.  On  this  I  remark,  that 
liberty  is  fo  effcntial  to  all  fpirits,  as  to  be  beyond 
all  power  of  conftraint ;  the  only  method  of  govern^ 
^^irits  confifts  in  the  ufe  of  motives,  to  difpofe 

them 
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them  to  what  is  gOod,  and  to  diffuade  them  from 
evil ;  but,  in  this  refpeft,  we  find  not  the  flightefl 
ground  of  complaint.  The  moft  powerful  motives 
have,  undoubtedly,  been  propofed  to  all  fpirits,  to 
incline  them  to  good,  thefe  motives  being  founded 
on  their  own  falvation ;  but  they  by  no  means  em* 
ploy  conftraint,  for  this  would  be  contrary  to  their 
nature,  and  in  all  refpefts  impoflible. 

However  wicked  men  may  be,  it  never  can  be  in 
their  power  to  excufe  themfdves,  from  ignorance  of 
the  motives  which  would  have  prompted  them  to 
good :  ^he  divine  law,  which  conflantly  aims  at  their 
everlafting  happinefs,  is  engraven  on  their  heart,  and 
it  muft  always  be  their  own  fault  if  they  plunge  into 
eviL  Religion,  difcovers  to  us^  likewife,  fo  many 
other  means  which  God  employs  to  reclaim  us  from 
our  wanderings,  that,  on  this  fide,  we  may  reft  confi- 
dently affured,  that  God  has  omitted  nothing  which 
could  have  prevented  the  malignant  explofions  of 
men,  and  of  other  reafonable  beings. 

But  thofe  who  bewilder  themfelves  in  fuch  doubts 
refpecting  the  origin  and  the  permifllon  of  evil  in 
the  world,  perpetually  confound  the  corporeal  with 
the  fpiritual  world ;  they  imagine  that  fpirits  are,  as 
bodies,  fufceptible  of  conftraint.  Severe  difcipline  is, 
frequently,  capable  of  preventing,  amoiig  the  chil- 
dren  of  a  family,  the  foldiers  of  an  army,  or  the  in- 
habitants of  a  city,  the  open  eruption  of  perverfe 
difpofitions ;  but  it  muft  be  carefully  remarked,  that 
this  conftraint  extends  only  to  what  is  corporeal ; 
it,  in  no  refped,  reftrains  the  fpirit  from  being  as 
7  vicious, 
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vicious,  and  as  malignant,  as  if  it  enjoyed  the  moit 
unbounded  licence. 

Human  governments  muft  reft  contented  with 
this  exterior,  or  apparent  tranquillity,  and  give  them- 
fclves  litde  trouble  about  the  real  difpofitions  o£ 
men's  minds ;  but,  before  God,  the  thoughts  all  lie 
open,  and  perverfe  inclinations,  however  concealed 
from  men,  are  as  abominable  in  his  fight,  as  if  theyc 
had  broke  out  into  the  moft  atrocious  aftions.  Men 
fuffer  themfelves  to  be  dazzled  by  falfe  appearances  j 
but  God  has  refped  to  the  real  difpofitions  of  every 
fpirit,  according  as  they  are  virtuous^  or  vicious,  in*# 
•   dependcntly  of  the  aftions  which  flow  from  them. 

The  Holy  vScriptures  contain,  to  this  purpofe,  the 
moil  pointed  declarations,  arid  inform  us,  that  he 
who  meditates  only  the  deftruftion  of  his  neighbour, 
fufioring  himfelf  to  be  hurried  away  by  a  fpirit  of 
lull  red,  is  as  criminal  in  the  fijht  of  God,  as  the  ac- 
tual murderer  ;  and  tliat  he  who  indulges  a  covetous 
dcfire  of  another*s  property  is,  in  his  eftimation,  as 
much  a  thief  as  he  who  really  fteals. 

In  this  refpcd,  therefore,  the  government  of  God 
i>vcr  fpirits,  or  rational  beings,  is  infinitely  different 
from  that  which  nien  exerdfe  over  men  like  them- 
iclvcs ;  and  we  greatly  err,  if  we  imagine  that  a  go- 
vernment, which  appears  the  beft  in  the  eyes  of  men, 
is  really  fo  in  the  judgment  of  God.  This  is  a  re- 
fl«=*ftion  of  which  we  ought  never  to  lofe  fight. 

Van!/,  1761. 
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LETTER   CXL 

I 

0/  moral  and  ph^cal  Evil. 

T  TT  THEN  complaint  is  made  of  the  evil  which  pre- 
^  ^  vsdls  in  the  world,  a  diftribution  of  them  into 
two  dafles  takes  place :  moral  evils  and  phyjical  evils. 
The  clafe  of  moral  evils  contains  the  perverfe  or  vi- 
cious inclinations,  the  difpofitions  of  fpirits  to  what 
is  evil  or  criminal,  which  is  undoubtefiy  the  moft 
grievous  calamity  and  the  greateft  imperfe^on  which 
can  exift. 

In  truth,  with  regard  to  fpirits,  it  is  impolfible  to 
conceive  a  more  deplorable  irregularity,  than  when 
they  deviate  from  the  eternal  laws  of  virtue,  and 
abandon  themfdves  to  the  conuniffion  of  vice.  Vir- 
tue is  the  only  means  of  rendering  a  fpirit  happy  j 
to  beftow  felicity  on  a  vicious  fpirit  is  beyond  the. 
power  of  God  himfelfc  Every  fpirit  addifted  to 
vice  is  neceflarily  miferable,  and,  unleis  it  return  to 
virtue,  it's  mifery  cannot  cpme  to  an  end :  fuch  is 
the  idea  I  form  of  demons,  of  wicked  and  infernal 
fpirits ;  an  idea  which,  to  me,  appears  confonant  Xq 
what  Scripture  Tuggefts  on  the  fubje£t. 

Infidels  make  a  jeil  of  this ;  but  as  men  cannot 
pretend  to  be  the  beft  of  all  rational  beings,  ndther 
can  they  boaft  of  being  the  moft  wicked ;  there  are^ 
undoubtedly,  beings  much  more  depraved  than  the 
moft  malignant  of  mankind,  fuch  as  devils.  But  t 
have  already  made  it  appear,  that  the  exifteace  of  fo 

Vol.  L  F  f  many 
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many  corrupted  men  and  fpirits,  ought  not  to  form 
any  objeftion  againft  the  perfeftion  of  this  world, 
much  lefs  be  confidered  as  an  imputation  of  the  Su- 
preme Being. 

A  fpirit,  the  devil  not.  excepted,  is  always  a  being, 
excellent,  and  infinitely  fuperior  to  every  thing  that 
can  be  conceived  in  the  corporeal  world ;  and  this 
world,  as  far  as  it  cont^ns  an  infinite  number  of 
ipirits,  of  all  orders,  is  always  a  work  of  the  higheft 
perfe^on.  Now,  all  fpirits  being  effentially  free, 
criminality  wa$  poflible  from  the  commencement  of 
their  exiftence,  and  could  not  be  prevented  even  by 
the  divine  Omnipotence.  Befides,  fpirits  are  the 
authors  of  the  evils  which  neceflarily  refult  from  fin, 
every  free  agent  being  always  the  only  author  of  the 
evil  which  he  commits;  and,  confequently,  thefe 
evils  cannot  be  imputed  to  the  Creator ;  as  among 
men,  the  workman  who  makes  the  fword  is  not  re- 
fponfible  for  the  mifchief  that  is  done  with  it.  Thus, 
with  refpecl  to  the  moral  evils  which  prevail  in  the 
world,  the  fovereign  goodnefs  of  God  is  fufiiciently 
juftified. 

The  other  clafs,  that  of  phjftcal  evih^  contains  all 
the  calamities  and  miferies  to  which  men  are  expofed 
in  tliis  world.  It  is  admitted,  that  moft  of  thefe  are 
a  neceffary  confequence  of  the  malice,  and  other 
vicious  propenfities  with  which  men,  as  well  as  other 
fpirits,  are  infected ;  but  as  thefe  confequences  are 
communicated  by  means  of  bodies,  it  is  afked.  Why 
pod  fhould  permit  to  wicked  fpirits,  the  power  of 
acting  fo  efiicacioufly  on  bodies,  and  of  employing 
\  them 
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them  as  inftniments  to  execute  f heir  pernicious  pur- 
pofes  ?  A  father,  who  faw  his  fbn  on  the  point  of 
committing  a  murder,  would  fnatch  the  fo^ord  out 
of  his  hand,  and  prevent  the  perpetration  of  a  crime 
fo  heinous.  I  have  already  obferved,  that  this  aban- 
doned fon  is  equally  guilty  before  God,  whether  he 
has  aftually  accompliflied  his  defigUj  or  only  matde 
ineflfeftual  efforts  to  execute  it,  and  the  father^  who 
prevented  him^  does  not  thereby  reiider  him*  better. 

We  niay,  nevcrthelefs,  confidently  maintain,  that 
God  does  not  permit  a  free  courfe  to  the  wickefdnefs 
of  man..  Did  nothing  refifb  the  execution  of  all  the 
pernicious  purpofes  of  the  human  heart,  how  mifer- 
able  fhould  we  be!  We  frequently  fee,  that  the 
wicked  have  great  difficulties  to  encounter,  and 
though  they  fhould  fucceed,  they  have  no  power  over 
the  confequences  of  their  aftions,  which  always  de- 
pend on  fo  niany  other  circumflarices,  that,  in  the 
ifTue,  they  produce  the  direftly  oppofite  efFeft  from 
what  was  intended.  It  cannot  be  denied,  at  the 
*  fame  time,  that  there  may  refiilt  from  thefe,  calami- 
ties and  miferies  to  torment  mankind ;  and  it  is  ima- 
gined, that  the  world  would  be  infinitely  better  go- 
verned, were  God  to  interpofe  an  effeftual  reflraint 
to  the  wickednefs  and  audacity  of  men.  ^ 

It  would,  undoubtedly,  be  very  e^ify  for  God  to 
crufh  to  death  a  tyrant,  before  he  could  realize  his 
cruel  and  oppreflive  defigns,  or  to  flrike  dumb  an 
unjufl:  judge,  who  was  going  to  pronounce  an  ini- 
quitous fentence.  We  might  then  live  quietly,  and 
enjoy  ali  the  comforts  of  life,  fuppofing  God  were 

Ffa  to 
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to  grant  us  the  blefltngs  of  health,  and  all  the  good 
things  we  could  wifti  for :  our  Jiappinefs  would  thus 
be  perfeft.  On  this  plan  they  would  have  the  w^orld 
governed,  in  order  to  render  us  all  happy:  the 
uicked  difabled  to  perpetrate  their  criminal  pur- 
pofes,  and  the  good  in  poiTeflion  of  the  peaceful  en- 
joyment of  all  the  bleflings  which  they  can  defire* 

It  is  believed,  and  with  good  reafon,  that  God 
wifhes  the  happinefs  of  men,  and  it  is  matter  of  fur« 
prize,  that  this  world  fhould  be  fo  different  from  the 
plan  which  is  imagined  the  moft  proper  for  the  at- 
tainment of  this  end.  We  rather  fee  the  wicked 
frequendy  enjoying,  not  only  all  the  advants^es  of 
this  life,  but  put  in  a  condition  to  execute  their  ma- 
chinations, to  the  confufion  and  diflrefs  of  perfons 
of  worth  ,  while  the  good  are  oppreffed  and  over- 
whelmed by  the  moft  fenfible  evils,  pains,  difeafes, 
mortifications,  lois  of  goods,  and,  in  general,  by 
every  fpecies  of  calamity ;  and  that,  at  laft,  the  good 
as  well  as  the  bad,  mufl  infallibly  die,  which  appears 
to  be  the  greateft  of  all  evils. 

Looking  on  the  world  in  this  point  of  view,  one 
is  tempted  to  call  in  qutftion  the  fupreme  ^iv-ifdom 
and  goodneis  of  the  Creator ;  but  it  b  a  hazard 
which  we  muft  take  great  care  to  ihua. 
V  \iA  Manhy  1761. 
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LETTER  CXn. 

I 

Reply  to  Complaints  of  the  Exi/ience  of  phyfical  En)iU 

OUPPOSING  our  exiftence  limited  to  the  prtfent 
^  life,  the  poffeffion  of  the  good  things  of  this 
world,  and  the  enjoyment  of  every  delight,  woul4 
be  very  far  from  filling  up  the  meafure  of  our  hap^ 
pinefs.  All  are  agreed,  that  true  felicity  confifts  in 
mental  tranquillity  and  fatisfeftion,  which  are  feU 
dom,  if  ever,  accompanied  with  that  brilliancy  of 
condition,  which  is  confidered  as  fuch  an  ineftimablc 
blefling,  by  thofe  who  judge  only^  from  appearances. 

The  infufficiency  of  temporal  good  things  to  ren^ 
der  us  happy,  becomes  ftill  more  manifeft,  when  we 
come  to  refleft  on  our  real  deftination.  Death  does 
not  put  a  period  to  our  exiftence^  it  rather  tranf. 
mits  us  into  another  life,  which  is  to  endure  for 
ever.  The  faculties  of  our  foul,  and  our  attainments  . 
in  knowledge,  will  then,  no  doubt,  be  carried  to  the 
higheft  perfection ;  and  it  is  on  this  new  ftate  that 
our  real  happinefs  depends,  and  this  ftate  cannot  be 
happy  without  virtue. 

The  infinite  perfeftions  of  the  Supreme  Being, 
which  we  now  perceive  only  as  through  a  thick 
doud,  (hall  then  fliine  in  the  brighteft  luftre,  and 
Ihall  become  the  principal  objeft  of  our  contempla* 
tion,  admiration,  adoration.  There,  not  only  fliall 
oun  underftanding  find  the  moft  inexhauftible  ftores 
of  pure  and  pcrfeft  knowledge^  but  ^^^  fti^\ifc  ^^^- 
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mitted  to  hope  for  admiffiorf  into  favour  with  the 
Supreme  Being,  and  to  aipire  after  the  moft  endear- 
ing  expref&ons  of  his  love.     How  happy  do  we 
reckon  the  peculiar  favourites  of  a  great  prince,  efpe- 
cially  if  he  is  really  great,  though  the  favours  which 
he  beftows  are  marred  by  nxany  infufions  of  bitter- 
neffi  ?  What  will  it  then  be,  in  the  life  to  come,  when 
God  himfclf  fhall  jhed  abroad  his  love  in  our  hearts^ 
a  love  the  e&£b  of  which  fliall  never  be  interrupted 
nor  deftroyed !  This  fhall,  thenceforward,  fonftitutc 
a  felicity  infinitely  furpailing  all  that  we  ^an  conceivCf 
In  order  to  a  participation  of  thpfe  inexpreffible 
favours,  flowing  from  the  love  of  the  Supreme  Being, 
it  is  natural  that,  on  our  P^^ t,  we  fhould  be  pene? 
trated  with  fentpnent^  of  the  moft  lively  afFeftion 
to  him.     This  bleffed  union  abfolutely  requires,  in 
us,  a  certain  difpofition,  without  which  we  fhould  be 
incapable  of  participating  in  it ;  ^nd  tliis  difpofition 
confifts  in  virtue,  the  bafis  of  which  is  the  love  of 
God,  and  that  of  our  neighbour.     The  attainment 
of  virtue,  then,  fliould  be  our  chief,  our  only  object 
in  this  life,  where  we  exift  but  for  this  end,  to  pre- 
pare for,  and  to  render  ourfelves  worthy  of  partaking 
in  fupreme  and  eternal  felicity. 

In  this  point  of  view,  we  muft  form  a  judgment 
of  the  events  which  befall  us  in  this  life.  It  is  not 
the  poffcflion  of  the  gpojd  things  of  this  world  that 
renders  us  happy ;  it  is  rather,  a  fituation  which 
moft  efFeftually  conducts  to  virtue.  If  profperity 
were  the  certain  means  of  rendering  us  happy,  we 
ight  be  fuffered  to  complain  of  adverfity ;  but  ad- 

verfity 


EXISTENCE  OF  PHYSICAL  EVIL*  439- 

Verfity  may  rather  have  the  eflFeft  of  confirming  our 
virtue,  and,  in  this  view,  all  the  complaints  of  men, 
refpefting  the  phyfical,  evils  of  life,  are,  like\vife, 
completely  done  away. 

You  have  no  diflSiculty,  then,  in  comprehending,  • 
that  God  had  the  moft  folid  reaibns  for  admitting 
into  the  world  fo  many  calamities  and  miferies,  as  • 
the  whole  obvioufly  contributes  to  our  ialvation.  ^ 
It  is  unqueftionably  true,  that  thefe  calamities  are,  •- 
for  the  moft  part,  jiatural  con&quehces  of  human 
corruption  J  but  it  is  in  this  very  thing,,  that  wc; 
muft  principally  admire  the  wifdom  of  the  Supreme 
Being,  who  knows  how  to  over-rule  the  moft  vicious 
aftions,  for  our  final  happinefe.  . 

Many  good  people  would  not  have  reached  fuch 
a  fublimity  of  virtue,  had  they  not  been  opprefied, 
and  tprmented^  by  cruelty  and  injuftice. 

I  have  already  remarked,  that  bad  a^ons  are  fuch, 
only  with  regard  to  thofe  who  commit  them :  the 
determinatioja  of  their  foul  alone  is  criminal,  tlie 
aftion  itfelf  being  a  thing  purely  corporeal,  in  as 
much  as,  confidered  independently  of  the  perfon 
who  commits  it,  there  is  nothing,  either  good  or  , 
evil,  in  the  cafe.  A  mafon  falling  from  the  roof  pf . 
a  houfe  upon  a  man,  a3  certainly  kills  him  *  as  the 
moft  determined  aflaffin.  The  aftion  is  abfolutely 
the  fame ;  but  the  mafon  is  not  guilty  in  the  flighteft 
degree;  whereas  the  aifafiin  defcrvcs  the  feveffeft 
punifhment;  Thus,  however  criminal  anions  may 
be,  with  regard  to  thofe  who  commit  them,  wc 
xpuft  coniider  them  in  quite  a  different  light  as  they 
.  Ff4  iaffeft 
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affisd  ouriielveS)  or  produce  an  influence  on  our  iitua^ 
tion. 

We  ought»  thercforie,  to  rcfleft,  that  nothing  can 
be&U  us,  but  what  is  perfedly  confoAant  to  the  fove- 
reign  wi£dom  of  God.  The  wicked  may  be  guilty  of 
ifljuftice  towards  us,  but  we  cannot  upon  the  whole 
fuffer  from  it ;  no  one  can  ever  injure  us,  thou^he 
may  greatly  hurt  himfetf ;  and  in  every  thing  that 
comes  to  pais,- we  ought  always  to  acknowledge 
Ood>  afi  if  it  befell  us  immediately  by  his  exprefs  ap- 
ppintment  We  may,  moreover,  refl:  afiured,  that 
it  is  not  from  caprice,  or  merely  to  vex  us,  that  God 
dixies  the  events  in  which  we  are  concerned,  but 
that  they  miift  infalliUy  terminate  in  our  true  hap* 
ptne&.  Thofe  who  coniider  all  events  in  this  light, 
will  foon  have  the  fatisfaftion  of  being  convinced, 
that  God  exercifes  a  peculiar  care  over  them. 


»«^i*e< 


LETTER    CXm. 

^be  real  Dejiination  of  Man;  Ufefulnefs  and  Necejftty 

qf  Ad'verfity. 

T  HOPE  you  have  no  doubts  remaining,  with  re* 
'^  fpeft  to  this  great  queftion :  How  the  evils  of 
this  world  can  be  reconciled  to  the  fupreme  wifdom 
a»d  goodnefe  of  the  Creator  ?  The  folution  of  it  is 
mtefiably  founded  on  the  real  deftinatioa  of  man, 

wd 
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and  of  Other  intelligent  beings,  whofe  exigence  is 
not  limited  to  this  life.  The  monient  that  we  lofe 
fight  of  this  important  truth,  we  find  ourfdves  in- 
volved in  the  greateft  perplexity,  and  if  fnan  were 
created  only  for  this  life,  it  woxild  affuredly  be  im- 
poffible  to  eftabhlh  a  confiftency  between  the  perfec- 
tions of  God  and  the  diftrefles  and  miieries  with 
;which  this  world  is  oppreffed.  Thofe  miferies  would 
be  but  too  real ;  and  it  were  abfolutely  impoffible  to 
explain.  How  the  profperity  of  the  wicked,  and  the 
mifery  of  fo  many  good  people,  could  confift  with 
the  divine  juftice. 

But  no  fooner  do  we  refleft  that  this  life  is  but 
the  commencement  of  our  cxiftence,  and  that  it  is 
fcrving  as  a  preparation  for  one  that  fhall  endure 
eternally,  the  face  of  things  is  entirely  changed,  and 
we  are  obliged  to  form  a  very  diflferent  judgment  of 
the  evils  with  which  this  life  appears  to  be  over- 
4>read.  I  have  already  remarked,  that  the  profpe- 
rity which  we  enjoy  in  this  world  is  the  reverfe  of  a 
fuitable  preparation  for  a  future  life,  and  for  render- 
ing us  worthy  of  the  felicity  which  there  awaits  us. 
However  important  to  our  happinefs  the  poflefiioa 
of  the  good  things  of  this  world  may  appear,  thts^ 
quality  pertains  to  them  only  in  fo  far  as  they  are 
impreffed  with  the  fignatures  of  divine  goodnefs,  in- 
dependent of  which  no  earthly  poflefiions  could  con- 
iUtute  our  felicity. 

Real  hzppmeSs  is  to  be  found  only  in  God  him- 
ielf ;  all  other  delights  are  but  an  empty  fhade,  and 
are  capable  of  yielding  only  a  momentary  &tis£}c« 
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tion;  Acccvdingly  we  fee  tlut  thofe  wha^^^ 
IB  the  gitatcft  abundance,  are  quiddjr  fiftinecl ;  and 
this  qiiMffent  felidty  fovea  only  fo  inftjtniif 't^iteir  de- 
fifes,  and  to  dUbirder  their  paffions^  bf  eftx^j^g 
thmu  from  the  Sufirenie  Good,  infiead  of-  brin^g 
them  neacier  to  Ifim.    But  time  fdftaiy  cpnfifti  ip  a 
perftA  union  wkh  God,  whidi  cannot  fiibfift  widir^ 
mit  a  Imt  and  a  confidence  ifk  his  goodne^,  tnuti' 
fisendnig  aB  things :  and  this  love  requires  a  certJSat 
Vfifyofition  of  ibuly'for'wlddh  we  mttft  be  maidni^ 
prepai9tion in this^fifis.  .    -    vv;        t 

This  difpofitioil  is  virtue,  the  foundation  )of  wlddi- 
is  eo»taihed  hn  thele  two  great  precepts :  .■* 

Tbo^  jhali  l(yve  the  Lord  iby  Cod  ^tritb  all  tbj. hearty 
with  all  tbyfotd^  v)itb  idl  tbj  ftrwpK  ond  vMk 
all  thy  mind;  .       '    * 

and  the  other,  which  is  like  unto  it : 

Thou  jhalt  love  thy  neighbour  as  tbyfelf. 

Every  other  c^pofition  of  foul  which  deviates 
from  thefe  two  precepts,  is  vicious,  and  abfolutely 
unworthy  to  ps^rtake  of ^true  happineis.  It  is  as  im- 
pofiible  for  a  vicious  man  to  enjoy  happineis  in  the 
life  to  come,  as  for  a  deaf  man  to  rdifh  the  pleafure 
of  an  exquifite  piece  of  mufic.  He  muft  be  for  ever 
exdi^ded  from  it,  not  by  an  arbitrary  decree  pf  God, 
but  by  the  very  nature  of  the  thipg ;  a  vicious  man 
not  being,  from  hiis  own  nature,  fufceptible  of  fu- 
prcme  felicity.  . 

If  we  confidcr  the  order  and  economy  of  thfe 
world,  in  this  point  of  view,  nothing  can  be  more 

rfedly  difpofed  for  t^e  attainment  of  (hisi  great 

end< 
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end.  All  events,  the  calamities  themfdves  which  we 
undergo,  are  the  moft  fuitable  means  for  conducing 
US  to  true  happinefs :  and  in  this  refpeft,  it  may  be 
with  truth  affirmed,  that  this  is,  indeed,  the  beft 
world  poffible,  as  eveiy  thing  in  it  concurs  to  pro- 
mote  our  eternal  falvation.  When  I  refleft,  that  no- 
thing befalls  me  by  chance ;  but  that  every  event  is 
dire<9:ed  by  Providence,  in  the  view  of  rendering  me 
truly  and  everlaftingly  hijppy,  how  ought  this  con^ 
fideration  to  raife  my  thoughts  to  God,  and  to  re- 
pleniflx  my  foul  with  the  pureft  afFedion ! 

But,  however  ^cacious  thefe  means  may  be  in 
themfelves,  they  exertifc  no  force  upon  our  minds, 
to  which  liberty  is  fo  effential,  that  no  degree  of 
conftraint  can  poffibly  take  place.  Experience,  ac- 
cordingly, frequently  demonftrates  that  our  attach* 
ment  to  the  objefts  of  fenfe  renders  us  too  vidous 
to  liften  to  thefe  falutary  admonitions.  Abufe  of 
the  means  which  would  have  improved  our  virtue, 
plunges  us  deeper  and  deeper  into  vice,  and  hurries 
us  afide  from  the  only  path  that  leads  to  happinels« 

2^b  March,  1761. 
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LETTER  CXIV. 

Of  true  Happincfs.     Coiii-crjlon  cf  Sinners.     Reply  fa 

ObjccliGiis  on  the  Sidyccl. 

'T^HE  holy  life  of  the  apoftles^  and  of  the  other 
-■"  primitive  Chriftians,  appears  to  me  an  irrefif- 
tible  proof  of  the  truth  of  the  Chrillian  Religion.  If 
true  happineis  conQfts  in  union  with  the  Supreme 
Being,  which  it  is  impofliblc  for  a  moment  to  doubts 
the  enjoyment  of  this  happuicfs  neceffarily  requires, 
on  our  part,  a  certain  difpofition,  founded  on  fu- 
preme  love  to  God,  and  the  moft  perfect  charity  to- 
ward our  neighbour,  fo  that  all  thofc  who  are  det 
titute  of  this  difpofition,  deftroy  their  o^vn  preten- 
fions  to  celeftial  felicity ;  and  wicked  men  are,  from 
their  very  nature,  neceflarily  excluded  from  it,  it 
being  impoflible  for  God  himfclf  to  render  them 
happy.  For  the  Divine  Omnip«>tence  extends  only 
to  things  whicli  are  in  their  nature  poflible,  and  li- 
berty is  fo  cffcntial  to  fpirits,  that  no  degree  of  con- 
llrunt  can  take  place  with  rcipect  to  them. 

k  is  only  by  motives,  tliercforc,  that  fpirits  can 

be  detennined  to  that  which  is  good :  now  what 

lotives  could  be  propofcd  to  the  apolrlcs  and  other 

ipks  of  Jefus  Chrift,  to  embrace  a  virtuous  life, 

?  powerful  than  the  ir/rracHons  of  their  divine 

ar,  his  miracles,  his  fuflerin^,  his  death  and  r 

!on,  of  which  thev  were  witneiTes.     All  thef 

events,  unital  to  a  docrrijle  the  moft  fu- 

bliuie, 
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blime,  muft  have  excited,  in  their  hearts,  the  moft 
fervent  love  and  the  moft  profound  veneration  for 
God,  whom  they  could  not  but  confider  and  adore 
as  at  once  their  heavenly  Father,  and  the  abfolutc 
Lord  of  the  whole  univerfe.  Thefe  lively  impref- 
fions  muft  neceflarily  have  ftifled  in  their  breafts 
every  vicious  propenfity,  and  have  confirmed  them, 
more  and  more,  in  the  praftice  of  vurtue. 

This  falutary  effect  on  the  minds  of  the  apoftles, 
has  nothing  in  it,  of  itfelf,  miraculous,  or  which  en- 
croaches, in  the  fmalleft  degree,  on  their  liberty j 
though  the  events  be  fupernatural.  The  great  re* 
quifite  was,  fimply,  a  heart  docile  and  uncorrupted 
by  vice  and  paflion.  The  miffion,  then,  of  Jefus 
Chrift  into  the  world,  produced,  in  the  minds  of  the 
apofUes,  this  difpofition,  fo  necefTary  to  the  attain- 
ment and  the,  enjoyment  of  ftipreme  happinefs ;  and 
that  million  ftill  fupplies  the  fame  motives  to  purfue 
the  fame  end.  We  have  only  to  read  attentively, 
and  without  prejudice,  the  hiftory  of  it,  and  feri- 
oully  to  meditate  on  all  the  events. 

I  confine  myfelf  to  the  falutary  effefts  of  our  Sa- 
viour*s  miffion,  without  prefuming  to  dive;  into  the 
myfteries  of  the  work  of  our  redemption,  which  in- 
finitely tranfcend  the  powers  of.  human  underftand- 
ing.  I  only  remark,  that  thefe  eflfefts,  of  the  truth- 
of  which  we  are  convinced  by  experience,  could  not 
be  pro^uc^d  by  illufion,  or  human  impofture ;  they 
are  too  falutary  not  to  be  divine.  They  are  likewifc 
perfeftly  in  harmony  with  the  inconteftable  principles 

w^hich 
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which  we  have  laid  down,  that  fpirits  can  be  govern* 
cd  only  by  motives. 

Theologians  have  maintained,  and  fome  (till  main* 
tain,  that  converfion  is  the  immediate  operation  of 
God,  without  any  co-operation  on  the  part  of  man. 
They  imagine  that  an  act  of  the  Divine  will  is  fuf- 
ficient  to  transform,  in  an  inftant,  the  greateft  mif- 
creant  into  a  virtuous  man.  Thefe  good  gentlemen 
may  mean  extremely  well,  and  confider  themfelves 
as  thus  exalting  the  divine  Omnipotence ;  but  this 
fentiment  feems  to  me  incoriliftent  with  the  juftice 
and  goodnefs  of  God,  even  though  it  were  not  fub- 
verfive  of  human  liberty.  How,  it  will  with  reafon 
be  faid,  if  a  fimple  exertion  of  the  divine  Omnipo- 
tence is  fuflSlcient  for  the  inftantaneous  converfion  of 
every  finner,  can  it  be  poffible  that  the  decree  fhould 
not  actually  pafs,  rather  than  leave  fo  many  thou- 
fands  to  perifli,  or  employ  the  work  of  redemption, 
by  which  a  part  only  of  mankind  is  faved  ?  I  ac- 
knowledge that  this  objeclion  appears  to  me  much 
more  formidable  than  all  tliofe  which  infidelity  raifes 
againft  our  holy  religion,  and  which  are  founded  en- 
tirely in  Ignorance  of  the  true  defl:ination  of  man ; 
but,  bleffed  be  God,  it  can  have  no  place  in  the  fyf- 
tcm  which  I  have  taken  the  liberty  to  propofe. 

Some  divines  will  perhaps  accufe  me  of  herefy,  as 
if  I  were  maintaining  that  the  power  of  man  is  fuf- 
ficient  for  his  converfion ;  but  this  reproach  aflfefts 

'  not,  as  I  am  confcious  of  intending  to  place,  the 
Incfs  of  God  in  it's  cleareft  light.     In^  the  work 
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of  converfion,  man  makes  perfeft  ufe  of  his  liberty, 
which  is  unfufccptiblc  of  conftraint,  but  man  is  al- 
ways determined  by  motives.  Now,  thefe  motives 
are  fuggefted  by  the  circumftances  and  conjunclures 
of  his  condition.  They  depend  entirely  on  divine 
Providence,  which  regulates  all  events,  conformably 
to  the  laws  of  fovereign  wifdom.  It  is  God,  there- 
fore, who  places  men  every  inftant  in  circumftances 
the  moft  favourable,  and  from  which  they  may  de- 
rive motives  the  moft  powerful,  to  produce  their 
converfion ;  fo  that  men  are  always  indebted  to 
God  for  the  means  which  promote  their  falvation. 

I  have  already  remarked,  that  however  wicked  the 
aftions  of  men  may  be,  they  have  no  jpower  over 
their  confequences,  and  that  God,  when  he  created 
the  world,  arranged  the  courfe  of  all  events,  fo  that 
every  man  fhould  be  every  inftant  placed  in  circum«^ 
fiances  to  him  the  moft  falutary.  Happy  the  man 
who  has  wifdom  to  turn  them  to  good  account ! 

This  conviftion  piuft  operate  in  us  the  happieft 
efFecls :  unbounded  love  to  God,  with  a  firm  reliance 
on  his  providence,  and  the  pureft  charity  toward  our 
neighbour.  This  idea  of  the  Supreme  Being,  as 
exalted  as  it  is  confolatory,  ought  to  replenifli  our 
hearts  with  virtue  the  moft  fublime,  and  cffcftually 
prepare  us  for  the  enjoyment  of  life  eternal. 

Q.%tk  March ^  1 761. 
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LETTER  CXV. 

7be  true  Foundation  of  human  Knowledge^    Sources  of 
Truth  y  and  Clajfes  of  Information  derived  from  it. 

T  TAVING  taken  the  liberty  to  by  before  you  my 
^  -*-  opinion  refpecting  the  moft  important  article 
of  human  knowledge,  I  flatter  myfelf  it  will  be  fuf- 
fident  to  diflipate  the  doubts  which  naturally  ariie 
out  of  the  fubjecl,  from  want  of  exad  ideas  of  the 
liberty  of  fpirits. 

I  ihall  now  have  the  honour  of  fubmitting  to  your 
confideration  the  true  foimdation  of  all  our  know- 
ledge, and  the  means  we  have  of  being  afliired  of  the 
troth  and  certainty  of  what  we  know.   We  are  very 
fax  from  being  always  certain  of  the  truth  of  all  our 
feBtimcpf»>;  for  we  are  but  too  frequently  dazzled 
iianccs,  Ibmetimes  exceedingly  flight,  and 
hood  we  afterwards  difcover.    As  we  are, 
^  contiinially  in  danger  of  decdving  our- 
cafimaMe  man  is  bound  to  ufe  every  efibrt 
or,  though  he  may  not  always  be  fo 
fkcceed. 

to  be  here  chiefly  confidered  is  the  fo« 

proo&  on  \^hich  we  found  our  perfua- 

ruth  whatever,  and  it  is  abfolutdy  ne- 

we  ihould  be  in  a  con(3&tion  to  judge  if 

ficient  to  conviivce  us  or  not.    For  this 

larl^  firft,  that  alX  ^^^  witlun  our  reach 

are 
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are  referable  to  three  daffes,  effentially  diftinguiflied 
from  each  other. 

The  firft  contains  the  truths  of  the  fenfes ;  the  fe- 
cond,  thofe  of  the  underftanding ;  and  the  third, 
thofe  of  belief.     Each  of  thefe  clafles  requires'  pecu- 
liar  proofs  of  the  truths  included  in  it,  and  in  thefe  • 
three  claffes  all  human  knowledge  is  comprehended. 

I^roofs  of  the  firft  clafs  are  reducible  to  the  fenfes, 
and  are  thus  expreffed : 

This  is  true  ^  for  If  aw  it^or  am  convinced  of  it  by  the 
evidence  of  my  fenfes. 

It  is  thus  I  know  that  the  magnet  at'tra6^  iron; 
becaufe  I  fee  it,  and  experience,  furniflies  me  with 
Inconteftable  proofs  oiF  the  faft.  Truths  of  this  clafs 
are  csHH^d  fenfible^  becaufe  they  arc  founded  on  the 
fenfes,  or  oti  experience. 

Proofs  of  the  fecond  clafs  are  founded  ia  ratioci- 
hatiofi;  thus: 

This  is  true^  for  I  am  abJa  to  demonfirate  it  on  prin- 
ciples ofjufi  reafonin^^  or  byfairfyllogifms. 

To  this  clafs,  principally,  logic  is  to  be  referred, 
wliich  prefcribes  rules  for  reafoning  confequentially. 
It  is  thus,  we  know,  that  the  three  angles  of  a  redi- 
lineal  triangle  are  together  equal  to  two  right  angles. 
In  this  cafe  I  do  not  iay  I  fee  it,  or  that  my  fenfes 
convince  me  of  it  j  but  I  am  affured  of  it's  truth  by 
a  procefs  of  reafoning.  Truths  of  this  clafs  are  called 
intelle£lualy  and  here  we  muft  rank  all  the  truths  of 
geometry,  and  of  the  other  fciences,  in  as  much  as 
they  are  fupported  by  demonftration.  You  muft  be 
fenfible,  that  fuch  truths  are  wholly  difFerent  from 

Vol.  I.  Ff  '  thole 


450  TkUE  FOUNDATION  OP 

tliofe  of  die  firft  clafs,  in  fupport  of  which  jWe  adduce 
TiC)  other  proofs  but  the  fcnfcs,  or  experience,  whick 
afi'urc  us  tluit  the  fact  is  fo,  though  wc  ipay  not 
know  the  caufc  of  it.  In  the  example  of  the  magnet, 
we  do  not  know  how  the  attraction  of  iron  is  a  ne- 
ccceffary  cffeft  of .  the  nature  of  the  magnet,  and  pf 
iron  J  but  we  are  not  tlie  Icfs  convinced  of  the  truth 

of  the  fact.     Truths  of  the  firft  clafs  are  as  certain  as 

•f 

thofe  of  the  fecond,  though  the  proofs  whidi  wtf 
have  of  them  are  entirely  different, 

I  proceed  to  the  third  clafs  of  truths,  that  of  faith, 
which  we  believe,  becaufe  perfons  worthy  of  credit 
relate  them ;  or  when  we  fay : 

This  is  true^  for  fever al  creditable  perfons  have  affured 
us  of  it. 

This  clafs,  accordingly,  includes  all  Inflorical  truths* 
You  believe,  no  doubt,  that  there  was  formerly  a 
king  of  Macedon,  called  Alexander  the  Great,  who 
made  himfclf  mafter  of  the  kingdom  of  Perfia, 
though  you  never  law  him,  and  are  imable  to  de- 
monftrate,  geometrically,  that  fuch  a  perfon  ever 
exifted.  But  we  believe  it  on  the  authority  of  the 
authors,  who  have  written  his  hiftory,  and  we  en- 
tertain no  doubt  of  their  fidelity.  But  may  it  not 
be  poflible  that  thefe  authors  have  concerted  to  de- 
ceive us  ?  We  have  every  reafon  to  reject  fuch  an 
infinuation,  and  we  are  us  much  convinced  of  the 
truth  of  thefe  fads,  at  leaft  of  a  great  part  of  them, 
as  of  truths  of  the  firfl  and  fecond  dalles. 

The  proofs  of  thefe  three  clalTes  of  truths  are  ex- 
tremely different ;  but  if  they  are  folid,  each  in  it's 

kind, 
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ind,  they  muft  equally  produce  convidtion:  You 
annot  poflibly  doubt  that  Ruffians  and  Auftrians 
lave  been  at  Berlin,  though  you  did  not  fee  them : 
his,  then,  is  to  you  a  truth  of  the  third  dafs,  as  you 
lelieve  it  on  the  report  of  others ;  but  to  me  it  is 
>ne  of  the  firft  dafs,  becaufe  I  faw  them,  and  con- 
^erfed  with  them,  and  as  many  others  were  affiired 
>f  their  prefence'  by  means  of  other  fenfes«  You 
lave,  neverthekfe,  as  complete  convidion  of  the  faft 
is  we  have. 

Z\ftMarch^  1 76 1. 
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